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October 1970 EDITORIAL COMMENT 331
QUILL ON SCALPEL This section
provides a medium through which Canadian 
surgeons can declare themselves, briefly and in­
formally, on the day-to-day affairs of surgery.
PERSISTENT FALLACIES 
CONCERNING DISSEMINATION OF 
MALIGNANT MELANOMA
Until 1955, most authorities advocated 
without question prophylactic regional 
lymphadenectomy in patients with malig­
nant melanoma. This opinion was based 
primarily on Handley’s 1907 article,1 in 
which he described a detailed postmortem 
study on a patient who died of dissemi­
nated malignant melanoma. From the pat­
tern of spread of secondary tumour 
deposits in the femoral lymph nodes, he 
concluded that the tumour spread by 
direct centrifugal invasion of the lym­
phatics with late or terminal hematogenous 
dissemination. In the intervening years, 
Pringle2- 3 and Pack, Scharnagel and Mor- 
fit4 also published papers which supported 
prophylactic regional lymphadenectomy.
In 1955, Lund and Ihnenn asked “Is 
prophylactic lymph node dissection indi­
cated?”. The answer still is “no one knows” 
because the following observations and 
unresolved problems have not as yet been 
incorporated into or explained by pub­
lished articles. First, Handley did not 
describe the spread of a primary lesion 
and offered no proof that the mechanism 
is the same in primary as in secondary 
spread. We now know that about 25% of 
primary malignant melanomas spread 
hematogenously without prior involvement 
of the regional nodes.6-7 Second, approxi­
mately 25% of malignant melanomas arise 
from Hutchinson’s freckles, slow-growing 
lesions that may take years to develop, and 
may give rise to multicentric lesions.8-9 
How and when do these lesions dissemi­
nate? Third, the mechanism of spread is 
unknown in the 6% to 10% of patients 
who have metastatic disease but no ob­
vious primary lesion,10-11 and in the rare
patient who shows recurrence with fibrosis 
many years after the excision of the 
primary lesion.12
Any survey of the literature on malig­
nant melanoma shows that over the years 
our thinking on this subject has been un­
duly influenced by the papers by Handley, 
Pringle and Pack; for example, in 1968 
Cameron13 could still write: “Sampson 
Handley . . .  in his well-known Hunterian 
lecture . . .  on the pathology of melanotic 
growths in relation to operative treatment 
and by his constant and oft-quoted teach­
ing on the subject, spread far and wide 
the knowledge of the basic principles on 
which modern surgical treatment depends.” 
Surely it is time to shed this simplistic 
dogma and to approach the management 
of malignant melanoma on the basis of 
what is known (or not known) about the 
natural course of this disease.—Robert 
Jackson
Ottawa Civic Hospital,
Ottawa, Ont.
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LYMPH-NODE DISSECTION FOR 
MELANOMA
The surgeon attending a patient with a 
primary melanoma without clinically evi­
dent metastases must decide how he will 
manage anticipated metastases to regional 
lymph nodes. The literature on prophy­
lactic lymph-node dissection for melanoma 
is confusing and, because the tumour is 
relatively rare, most surgeons do not have 
much personal experience in dealing with 
it. There are two common plans of man­
agement: in the first, all patients are im­
mediately subjected to prophylactic re­
gional-node dissection in the hope of 
removing the metastatic cancer before it 
becomes clinically evident; in the second, 
the patient is followed after treafm3nt of 
the primary lesion, and nodes are dissected 
when accessible metastases develop. The 
first plan accepts the morbidity of the 
operation in the two-thirds to three- 
quarters of patients who have histologi­
cally negative nodes and discounts the 
contribution that the regional lymph nodes 
make to the host’s defence against the 
tumour. The second plan of management 
relies on the patient to present himself for 
regular follow-up examinations. In addi­
tion, the clinical assessment of nodes is dif­
ficult and full of error.
To date we do not have enough evi­
dence to enable us to choose between 
these two approaches. Many studies 
alleged to support prophylactic node dis­
section were poorly controlled because 
they did not compare patients who had 
prophylactic dissection and histologically
positive nodes with those who, after treat­
ment of the primary lesion, had thera­
peutic dissection when node metastases 
became clinically evident.
The surgeon need not slavishly follow 
one of these two plans, but can plan indi­
vidualized management based on anatomic 
and biologic facts when treating the pa­
tient with melanoma. When the primary 
lesion is remote from regional nodes, such 
as on the foot, he need not perform 
prophylactic dissection in the groin—a pro­
cedure occasionally associated with severe 
postoperative morbidity. He can adopt the 
second plan of management.
When the primary lesion can be re­
moved in continuity with regional nodes— 
a situation in which prophylactic dissection 
is rational—there is an even better alterna­
tive. Excise the nodes nearest the tumour 
in continuity with the primary lesion. If, 
on frozen section, these nodes are free of 
tumour the patient can be followed with­
out further treatment. If the nodes re­
moved with the primary lesion show meta­
static melanoma, do a block dissection of 
the glands immediately; for example, in a 
patient with a melanoma of the skin of the 
cheek, the nodes along the facial artery 
(pre-vascular nodes) and submaxillary 
nodes can be easily removed with the 
primary lesion. When frozen section shows 
no evidence of metastatic disease in the 
nodes, radical neck dissection is avoided. 
I observed surgeons at M. D. Anderson 
Hospital in Houston using this individual­
ized management and have had personal 
experience with two or three cases. So far 
the results have been good in that patients 
who had histologically negative nodes ad­
jacent to the tumour have not developed 
positive nodes further along in the drain­
ing lymphatic chain. However, the follow­
up in these cases is only two or three 
years. In short, this is a rational, although 
as yet unproved, method of management. 
In any case, individualized management of 
patients with primary melanoma deserves 
strong consideration at the present time, 
particularly when 60 years of debate have 
not settled the controversy of prophylactic 
versus delayed therapeutic dissection.— 
O. G. T hurston
University of Alberta Hospital,
Edmonton, Alta.
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THE OCCASIONAL EDITORIALIST
Requisites for effective editorial writing 
are those for other good writing: have 
something to say; say it; and, having said 
it, stop. However, the editorial form has 
special features that often defeat the oc­
casional writer. In any event, good edi­
torials are rare because this form puts a 
premium on persuasive exposition, 
economy and a lively style. Before you 
can persuade another, you must first have 
convinced yourself. Hence, you should 
agree to write an editorial only on a sub­
ject you know well and about which you 
have a deep concern. The editorial essay 
should attempt a complete statement on 
a clearly defined topic; hence, the necessity 
for thinking out your thesis carefully be­
fore you take pen in hand.
Because “Quill on Scalpel” was estab­
lished to accommodate the informal state­
ments of Canadian surgeons, this essay 
examines the exhortative “I believe” edi­
torial, but also touches on features com­
mon to all editorials.
L Begin w ell— Approach your editorial 
as if it will only be read on the run by a 
busy colleague who, if his interest is not 
caught and held in the first paragraph, 
will go on to something else. A good title 
and a strong opening sentence will do 
much to engage his interest. Some years 
ago in the Journal of the American Medi­
cal Association an editorial on “Fever of 
Unknown Origin” began as follows:
“Fever of unknown origin was a famil­
iar diagnostic designation during and 
between the two great world wars. 
Not unlike the nonhero of the modern 
nonnovel, this nondiagnosis acquired 
an air of respectability, having ap­
peared on numerous hospital charts as 
would a recognized nosologic entity.
In a way this was unavoidable. What 
alternative was there, indeed, to the 
noncommittal label, after Cabot’s 
classic triad of typhoid, tuberculosis, 
and sepsis had been eliminated in the 
differential diagnosis.”1
This opening sets the stage historically, 
touches upon our superstition that naming 
things gives us some control over them, 
and hints that these old ways are no
longer good enough. It arouses interest 
and encourages the reader to continue.
By the same token you should end 
strongly, recapitulating your principal 
thesis. After discussing ‘The Evaluation of 
Scientific Manuscripts”, Roland ended this 
way: “In these ways, then, we attempt to 
serve all our masters: for the author, no 
capricious or unsupported decisions; for 
the reader, no compromise with contem­
porary scientific standards, so far as is 
humanly possible.”2
Your “wind-up” should summarize your 
message so well that it will echo in your 
readers’ minds long after the rest has 
faded. Some experienced authors write the 
middle of a piece first and, after they have 
worked out their themes completely, add 
a beginning and an end.
2. Voice of authority .—The reader must 
be able to identify quickly the author’s 
point of view and the principal burden of 
his argument. In the opening sentences, 
focus attention on your specific subject. 
Don’t be vague. However diffident you 
may feel, you are an authority and must 
speak as one. Your readers expect you to 
be partisan in an Olympian manner. For 
this occasion, you are one who had viewed 
the question from all sides and, after care­
ful deliberation, have handed down The 
Truth. The reader must see at once where 
you stand and be convinced, before the 
end of the piece, that you are right. It is 
on this point that the occasional editorial 
writer fails most often, probably because, 
before he starts, he does not establish an 
attitude towards his subject and hold to it 
throughout.
3. The patient search—A good editorial 
represents a patient deliberate search for 
the best way to present some phenomenon. 
Men or women who are not fully com­
mitted to their subject write poor editorials 
because, assuming they have the talent, 
they will not devote the necessary time 
and intellectual energy. You must care 
deeply about a subject before you can 
create, by patient selection of the facts, a 
word picture that will reflect, at rapid 
reading, your best conceptions. You would 
do well to approach your editorial, if not 
with reverence at least with respect. Here 
more than anywhere else be willing to
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profit from criticism. The master word is 
“revise”.
4. Multum in parvo — In this literary- 
scientific form, a writer must often com­
press much experience and knowledge into 
a narrow compass, as in the superb an­
notations in Lancet and the British M edi­
cal Journal where space is at a premium. 
For this reason, you must plan more care­
fully, revise more often and choose your 
words more judiciously if you are going 
to cover in 800 words what is usually 
treated in 3000.
A word about selection. When you de­
clare yourself on some subject such as 
“the prophylaxis of shock” in 1200 words, 
you must suppress a dozen bits of evidence 
for every one you can present. Neverthe­
less you must present the subject fairly 
even though complete objectivity is a 
myth. Besides the risk of bias, be on guard 
against unconscious deception through the 
use of jargon or symbolic language. For 
example, when a surgeon writes about 
shock, he may, without reflection, assume 
that all his readers are his peers; i.e. that 
when they read the symbols “refractory’ 
etc. they can call up the same store of re­
lated and supporting ideas. Often, of 
course, they do not or cannot. Hence, the 
editor frequently must ask the occasional 
editorialist to sketch in the background, to 
supply missing steps in his argument, and 
to clarify his allusions. The common pro­
test “Why everyone knows that!” reflects 
an undeveloped sense of audience.
5. K.I.S.S. ( keep  it simple, savant).— 
Unless it is a “state of the art” review, 
your editorial should not attempt to estab­
lish more than one major and a few sub­
sidiary points. Choose a limited objective 
before you begin: be satisfied to present 
your point of view on a small but signifi­
cant facet of a larger subject. Having 
focused on it, bring all your forces to bear. 
You can only convince by concentrating. 
In “Quill on Scalpel” the Canadian Journal 
of Surgery provides a podium from which 
you can deliver your cris de cceur to col­
leagues throughout the nation. If you have 
something on your mind and have not yet 
found the necessary words, the editorial 
staff stands ready to assist. Why not now? 
—J ohn  O. G odden
R eferen ces
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OSLER AND THE SURGEON
At first glance it may appear odd to find 
in the section of History of Canadian Sur­
gery in this issue of the Journal a paper 
about a non-surgeon by a non-surgeon.
But Osier belongs to the whole of medi­
cine; surgeons no less than physicians have 
benefited by his insistence on bedside 
teaching, by his emphasis on the study of 
the pathological basis of disease, and by 
his philosophy.
Arthur Kelly, as a former General Sec­
retary of the Canadian Medical Associa­
tion, knows about organizations and 
organization men. We welcome him and 
his topic to our pages.—F. G. K ergin
SIX ISSUES FOR THE JOURNAL
The Editorial Board and the Editor of 
the Canadian Journal of Surgery are 
pleased to announce that, commencing 
January 1971, the Journal will go to six 
issues each year in place of the four issues 
that have been customary since publica­
tion was begun in 1957. In the intervening 
13 years four new Canadian medical 
schools have been established and, in all, 
facilities for clinical investigation and 
basic research have expanded. This growth 
has been reflected in a gratifying increase 
in the number of acceptable manuscripts 
submitted to the Journal, which in turn 
permits us to publish more original articles 
without departing from the high standard 
set by the Editorial Board. With this 
change in policy we are confident that the 
Journal will present to the medical world 
more effectively than ever what is best in 
Canadian surgery and will also reduce the 
delay in publication time.
With this increased rate of publication, 
the annual subscription will increase from 
$10.00, which has been in effect since 1957, 
to $15.00.—F . G. Kergin
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HISTORY OF CANADIAN SURGERY
ORGANIZATION MAN
A. D. KELLY, M.B., D.Sc., LL.D.,“ Toronto, Out.
It is tie rigueur for anyone who essays to 
discuss any facet of the character the in­
terests or the personality of William Osier 
to declare that everything worth saying 
has already been voiced by abler people. 
A second tenet is to admit one’s unworthi­
ness for the task. Both of these ritualistic 
conventions apply in the present instance 
but, at least, I shall not pretend to write 
about W.O. and use the most tenuous of 
connections to embark on an essay on en­
vironmental pollution or fractures of the 
femoral neck. No indeed, I ride my own 
hobby horse as a former incumbent of 
Osier’s first office in The Canadian Medical 
Association and plagiarize the works of my 
betters to call to your attention certain 
aspects of his relationship to organized 
medicine. The previous sentence means 
that, like everyone else, I’ll have recourse 
to Harvey Cushing’s “Life”1 to mine the 
rich lode for the evidence I require. Most 
Osier Orations have their genesis in the 
Index and this modest effort is no excep­
tion.
For the statistically minded I’ll record 
that under Associations and Societies there 
are listed no fewer than 110 titles, several 
of them with 30 or more references. 
Further to refine the data, 45 of these were 
American, 43 British, 13 Canadian, five 
International, and four French. The index 
names 45 hospitals, 43 clubs, 39 libraries, 
and 12 congresses but, oddly, the category, 
Journals, is not represented. It would be 
an exaggeration to state that he was a 
dues-paying member of each of these orga­
nizations but in a surprising number he 
was. He held many offices, he worked hard, 
he advanced the policies which he had 
been influential in framing and in all of 
them he had personal contact and involve­
ment. Fortunately, he lived in day-tight 
compartments, because it must have been
“129 Adelaide Street West, Suite 502, Toronto 
110, Ont.
Fig. 1.—Portrait of Osier by Seymour Thomas, 
1909.
an exhausting task for somebody to keep 
his engagements straight. In this busy side 
of his life he was doubtless motivated by 
his natural gregariousness but more by his 
“loyalty to the best interests of the noblest 
of callings”.
U n iver sities
If the academics will permit me to refer 
to a Faculty of Medicine as an element of 
our organism, Osier was a member of the 
Toronto School, McGill, Pennsylvania, 
Johns Hopkins and Oxford, and full Pro­
fessor at the latter four. Honorary degrees 
from other universities have eluded my 
count but they were multiple. Apart from 
revealing him as a restless creature who 
succumbed readily to invitations, the 
record is unusual even among the mobile 
Ph.D.’s of our day. In addition to full par­
ticipation in the development of his medi­
cal schools, he was President of the Ameri-
4
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can Association of Medical Colleges in 
1895, which, I would remind you, was 16 
years before Flexner shook them up.
Associations and Societies
In 1903 he addressed the centennial 
meeting of the New Haven Medical As­
sociation on “The Educational Value of 
the Medical Society”. Among other things 
he said, “The well-conducted medical 
society would represent a clearing house 
in which every physician of the district 
could receive his intellectual rating and in 
which he would find out his professional 
assets and liabilities.” Nobody could speak 
with greater authority because W.O. had 
already been an active member of a great 
many societies. A man of his temperament 
and innate friendliness could not be a unit 
of the great silent majority; he had to par­
ticipate, to stimulate, to speak and to act 
and he experienced the fate of catalysts in 
being elected to office.
He was 23 when he qualified at McGill 
in 1872, five years too late to have been 
one of the founding members of the 
C.M.A. I find it strange that he had not 
organized the Canadian Association of 
Medical Students and Interns, but it took 
a further 66 years before that society 
emerged. After two years of study in 
Europe, made possible by the generosity 
of his brother, Edmund, he returned to 
Montreal and to the appointment of Lec­
turer in the Institutes of Medicine at Mc­
Gill. He had undertaken extensive clinical 
training under the European masters and 
conducted an early investigation into blood 
platelets, a study which led to his mem­
bership in the Royal Microscopical Society.
A representative sample of the Montreal 
organizations which he founded, joined, 
supported, revived or stimulated during 
the period 1873-76 are: the Journal Club, 
the Metropolitan Club, the Microscopical 
Club, the Natural History Society, the
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McGill Medical Society, the Montreal 
Medico-Chirurgical Society, and the Mont­
real Veterinary Medical Association.
By 1877 when the 10th meeting of the 
C.M.A. was held in Montreal in Septem­
ber under the Presidency of the great 
Joseph Workman, W.O. was the people’s 
choice as Chairman of the Committee on 
Arrangements, Secretary of the Committee 
on Publications, Editor of the Transac­
tions, and also the contributor of two 
papers to the scientific program as well as 
the author of the report on necrology.
Cushing relates that four years later, in 
1881, “This same swarthy young Canadian 
had returned home too late to attend an­
other meeting, namely of The Canadian 
Medical Association held in Halifax early 
in August, and was penalized for his ab­
sence by election to the onerous position 
of General Secretary.” Our William did 
not act as though he were reluctant, but 
threw himself into the duties with every 
evidence of enthusiasm and did his usual 
good job. After a tenure of only three 
years, he was elected President, in 1884, 
when he was barely 35. Shortly thereafter 
he accepted a call to the University of 
Pennsylvania, and he came up from Phila­
delphia to Chatham, Ontario, to preside 
at the 18th Annual Meeting in September 
1885. Originally scheduled for Winnipeg, 
the troubles of the second Riel uprising 
caused the locale of the meeting to be 
changed to the relative tranquillity of 
Chatham. His Presidential Address on 
“The Growth of a Profession” was a long 
and serious one which must have repre­
sented a considerable expenditure of mid­
night oil when he was settling into his new 
Professorship. He demonstrates a detailed 
knowledge of registration and licensure, an 
intimate familiarity with Canada’s 11 
medical schools and a burning desire to 
foster medical associations, local, provin­
cial and national. Although nobody could 
call him a misogynist, I regret to report 
that he had a few discouraging words to 
say about the two Canadian medical 
schools for women which were enjoying 
evanescent existence at the time.
Significantly, in the 12 years since his 
eligibility for C.M.A. membership, he had 
risen to the highest office in The Associa­
tion. In an era when grey hair, seniority, 
and fulsome oratory were held in high 
esteem, our forefathers recognized and re­
warded merit. His efforts for the Canadian 
profession had been exerted in the years 
preceding his Presidency of the C.M.A.
His residence in the United States 1884- 
1905 covers a period far longer than he 
had been doctoring in his native land, but 
his relationship to the American Medical 
Association was neither as close nor as 
cordial. He was a member, of course, and 
not infrequently a contributor to the scien­
tific program and to the but he
had at least two clashes with the Trustees. 
The first occurred early, in 1885, while he 
was actually C.M.A. President and a new­
comer to Philadelphia. He had become an 
active participant in the arrangements for 
the IX International Medical Congress 
scheduled for Washington. The recom­
mendations of the eminent Dr. John S. 
Billings with respect to organization and 
guest speakers had been scuttled by the 
A.M.A. hierarchy. Osier organized protests 
in Philadelphia, New York, Boston and 
Baltimore with the result that the medical 
leaders from the nations to be represented 
withdrew to the great detriment of the 
Congress. The next clash occurred in 1895 
when the A.M.A. met in Baltimore and 
W.O. was, as usual, deeply involved in 
local arrangements and host to many 
friends. The Report of the Committee on 
Nominations included the recommendation 
that Dr. W. B. Atkinson, who had been 
Secretary for 31 years, be re-elected. The 
question was about to be put to the House 
of Delegates but, to the dismay of the 
Committee, Dr. Osier rose in his place and 
said in part, “I stand here and say plainly 
and honestly before Dr. Atkinson what I 
and many other members of The Associa­
tion have said behind his back, that he is 
not an efficient Secretary of this Associa­
tion and that we have not found him so.” 
The incumbent was voted to remain in 
office but I imagine that the protestor was 
persona non grata to the Board of Trustees 
for a long time thereafter. When Osier 
was translated to Oxford in 1905, he found 
himself more in sympathy with the policies 
and practices of the B.M.A. He did not 
hesitate to differ from certain official pro-
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nouncements, yet in 1908 he was elected 
a member of the Council and he served 
for several years on that authoritative 
body.
While resident on the other side of the 
Atlantic, Osier had journeyed to be 
present at several Annual Meetings of the 
British Medical Association, and from Ox­
ford he was a regular attendant. A com­
bined meeting of the B.M.A. and the 
C.M.A. had been arranged for 1908 and 
early that year he was “in an unofficial 
capacity soliciting papers for the August 
meeting of the B.M.A. in Toronto”. His 
passage had been booked but he was pre­
vented from attending by a series of local 
crises and upcoming obligations.
The case of the Royal Society of Medi­
cine is a good example of Osier’s influence 
on medical organization. He had scarcely 
unpacked his bags at Oxford when he be­
came aware of a movement to amalgamate 
some 20 medical societies in the city of 
London. He approved of the endeavour 
but I imagine that he was not surprised 
to learn that the proposal had been stalled 
for years owing to the universal reluctance 
of doctors and their organizations to lose 
their identity, even in a good cause. 
Characteristically, W.O. thought he should 
' the project a push and, also charac­
ter ...tically, he chose the proper person to 
talk to. In this instance, it was Sir John 
MacAlister, secretary of the ancient and 
prestigious Medical and Chirurgical So­
ciety, who had become discouraged at the 
lack of progress but who was revitalized 
when Osier gave him a transfusion of en­
couragement in late 1905. Speaking and 
writing for the next year, portraying the 
advantages of a strong society with a first- 
class library, winning over the diehards 
with charm and perseverence, our William 
found his efforts rewarded. The first gen­
eral meeting was held June 14, 1907, and 
the Society has proceeded from strength to 
strength ever since. Osier never held high 
office but he was a very active member of 
the Council, a member of the Library 
Committee, a frequent contributor to the 
programs, and the founder and first chair­
man of the Section of the History of Medi­
cine (1912).
I have recently become aware of a letter
dated January 4, 1916, to Dr. F. B. Bow­
man of Hamilton who had elucidated the 
cause and the treatment of trench mouth 
in World War I. He says, “Dear Bowman: 
Did MacAlister ever arrange for your 
paper at the Royal Society of Medicine 
either the Dental or Medical Section or 
both in joint session? I hear the W.(ar) 
O.(ffice) is to publish the result of your 
work, which is very gratifying but this 
should not prevent your reading a paper 
and bringing out a discussion. Greetings 
for 1916 to you all. Yours sincerely, Wm. 
Osier.” It is evident that the Great War 
was not permitted to impair his support 
of the R.S.M. nor did it diminish his in­
terest in calling attention to good work, 
particularly when performed by a Cana­
dian.
H ospitals
The hospital represented Osier’s work­
shop from his first appointment as physi­
cian to the smallpox wards of the Mont­
real General Hospital in 1875, to his final 
position as squire of the Radcliffe Infirm­
ary. I have said that his quickening in­
fluence was felt by 45 hospitals, not neces­
sarily as a member of the medical staff but 
as visiting professor, anniversary speaker, 
consultant or guest at a clinical meeting. 
It must have represented a great trial to 
the matron when her ward with its orderly 
row of neat beds was invaded by Osier’s 
following of students for rounds or a bed­
side clinic. His charm needed to be ex­
erted when these innovations were intro­
duced but everyone, including Mrs. 
Murphy with her enlarged spleen out­
lined in blue crayon, responded to it. The 
significance of his contribution to medical 
education, to patient care and to hospital 
practices is likely to be overlooked since 
we are apt to regard it as so natural that 
it must have always pertained. Harvey 
Cushing reminds us in the dedication of 
his “Life” “To medical students—and par­
ticularly to those in America, lest it be 
forgotten who it was that made it possible 
for them to work at the bedside in the 
wards.”
Hospitals of all kinds, general, pediatric, 
orthopedic, mental and fever, hospitals
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military and civilian, benefited from his in­
terest and his presence. The wards, the 
labs, the outpatient department, the nurs­
ing school, the dietary arrangements, yes, 
even the operating theatres and the ad­
ministration were benefited when he came 
around. It is reasonable to suggest that 
the hospital provided the facility and the 
environment where he expressed himself 
at his best with patients, students, house 
staff and mature colleagues, and that the 
unit represented an essential ingredient in 
his concept of the mosaic of organized 
medicine.
Pu blic  H ea lth
When Public Health was emerging to 
drains, potable water, pure food, and vital 
statistics, Osier threw his full support be­
hind the movement. When specific preven­
tive procedures were few, he championed 
vaccinations against smallpox and typhoid. 
The control of pulmonary tuberculosis 
engaged his interest and active participa­
tion, and he led his colleagues in planning 
societies, commissions, international con­
ferences, dispensaries and sanatoria. He 
appreciated early that lay co-operation was 
essential in combatting the Great White 
Plague and in this field, perhaps more 
than any other, he worked with non-medi­
cal associates and performed outstanding 
public service. The great infectious killers 
of his day, smallpox, typhoid and tuber­
culosis absorbed his clinical and humani­
tarian interest. He clearly perceived that 
prevention would be far more effective 
than the application of his meagre thera­
peutic resources. How gratified he would 
be to see the vindication of this conviction, 
again by medical organization.
L ibraries
Libraries? Here we find Osier the biblio­
phile on his native heath. Fostered by 
Bovell and Johnson in his early youth, his 
interest in books increased with the pas­
sage of time. From the Bodleian, the 
Surgeon-General’s, the Vatican, to his gift, 
in 1908, of $100 to the new library of the 
Vancouver Medical Association, he was an 
encourager, a supporter, a contributor of 
cash and books, a user, a worker, and a
loiterer. He was the librarians’ friend and 
many of his happiest hours were spent 
either browsing or relentlessly pursuing 
the volume he required. Much of his cor­
respondence relates to the enjoyment of 
books, and his delight at acquiring the first 
edition of a forgotten physician-author 
shines through a great deal of his writing.
At the opening of the new building of 
the Boston Medical Library in 1896, he 
endorsed the value of medical literature: 
“It is astonishing with how little reading a 
doctor can practice medicine, but it is not 
astonishing how badly he may do it. Not 
three months ago, a physician living with­
in an hour’s ride of the Surgeon-General’s 
Library brought his little girl, aged 12, to 
me. The diagnosis of infantile myxedema 
required only a half glance. In placid 
contentment he had been practising 20 
years in “Sleepy Hollow” and not only 
when his own flesh and blood was 
touched, did he rouse from an apathy 
deep as Bip Van Winkle’s sleep. In reply 
to questions: No, he had never seen any­
thing in the journals about the thyroid 
gland; he had seen no pictures of cretin­
ism or myxedema; in fact his mind was a 
blank on the whole subject. He had not 
been a reader, he said, but he was a prac­
tical man with very little time.” There is 
a certain familiar ring to that last sentence.
Sir Thomas Browne’s “Religio” was the 
mainstay of his personal collection, now 
enshrined in the Osier Library, the 
treasure of McGill. A 1969 reprinting of 
the “Bibliotheca Osleriana,” first issued in 
1929 under the editorship of W. W. 
Francis, repeats the description of the 7787 
items, “A catalogue of books illustrating 
the history of medicine and science col­
lected, arranged and connotated by Sir 
William Osier, Bt., and bequeathed to Mc­
Gill University.”
J o urn als
I may be wrong and I ask to be cor­
rected when I say that I can’t find evi­
dence that Osier was ever editor of a 
scientific medical periodic publication. 
Maybe my trouble is that Cushing has not 
provided a neat index package under 
journals. He had his name on the mast­
head of many journals in the capacity of
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member of the editorial board as consul­
tant, correspondent or even associate 
editor but I don’t believe that he ever had 
the ultimate editorial responsibility for 
meeting the payroll and getting the paper 
on the street. My friend, Charles Roland,3 
reminds me that he was listed in 1907 as 
Senior Editor of the Quarterly Journal of 
M edicine and supported by a Board com­
prising Bradford, Garrod, Hutchison, Rol- 
leston and White. However, he indicates 
that it was the Secretary, A. G. Gibson, 
who performed the editorial chores and 
this instance does not invalidate my asser­
tion. As a contributor he was prolific, as a 
writer of letters to the editor he excelled, 
as a voluntary reporter of meetings and 
events he was assiduous, and as an en- 
courager of editors of faltering publica­
tions he must have been a strong support. 
Their appeals for some Osier “thunder” 
were rarely ignored. What’s more, he be­
came a subscriber to many publications 
and his cheque or money order must have 
represented support in a practical as well 
as a moral sense.
His first original article appearing in 
the Canadian M edical Association Journal 
was published in the October 1911 issue, 
10 months after the publication was 
founded. In the same year, he commenced 
his “Men and Books” series which ap­
peared intermittently for the next three 
years. The master index of this journal 
shows 29 entries from the pen of W.O. As 
a former Managing Editor of that publica­
tion, I hope I may be forgiven a certain 
ruffling of my feathers at Cushing’s re­
mark: “That he was willing to see them 
buried in a Canadian journal was not en­
tirely without sentiment on his part . . .” 
It may have been sentimental but it was 
sincere regard for the welfare of the organ 
of his Association that prompted his sup­
port of his friend, Andrew Macphail, the 
first Editor. After all, Harvey, we Cana­
dians must stick together.
From the Royal Society to the Caughna- 
waga County Medical Association, Osier’s 
quickening influence was tangible. Always 
a crusader for better health, he used many 
organizations to advance the cause, to 
foster interest among the profession and 
the public, to encourage scholarship and 
the historical outlook, and to temper 
Science with the Art. No one could accuse 
him of seeking personal advantage, and 
the responsibilities of office came to him 
as they do to many catalysts as a conse­
quence of infectious enthusiasm. He served 
many societies but manipulated none of 
them to serve him. He enjoyed the com­
pany of like-minded colleagues, and his 
attitude is well expressed in one of the 
purposes of the founding fathers of the 
C.M.A., “to excite emulation as well as 
harmony in the profession and to facilitate 
and foster friendly intercourse among its 
members”. It is unusual unless one’s name 
is Asklepios, Hippocrates, or Sydenham to 
inspire the eponymous development of 
societies and clubs. Yet, 50 years after his 
death, Osier clubs are numerous and 
world wide, suggesting to me that his in­
terest in organizations as well as the affec­
tion he engenders in doctors who never 
met him, combine to confer a species of 
immortality. If you should become im­
patient with the ponderous progress of 
many units of organized medicine, tired of 
sitting on committees, disillusioned at the 
need to accommodate to demands of gov­
ernments, take heart and think of Osier, 
the organization man.
Figs. 1 and 2 are reproduced with the kind 
permission of the Osier Library, McGill Univer­
sity, Montreal.
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R E V I E W  A R T I C L E
GASTRIC MUCIN AND MUCINOUS SECRETIONS
DEIRDRE W ALDRON-EDW ARD, PI1 .D . , 0 Montreal, Que.
Mucin lines the stomach of man and ani­
mals with a thin layer of tenacious, viscous 
material, secreted in response to chemical, 
physical and biologic stimulation. On his­
tologic examination, the mucin is seen to 
cover the entire surface of the stomach; a 
visible flow can be stimulated merely by 
rubbing the surface of a canine Pavlov 
pouch, or a human stomach, with a glass 
rod.1' 2 Much research has been carried 
out into mucin production by the gastric 
mucosa in response to a wide variety of 
stimulants—both physiologic and patho­
logic. These stimuli include the systemic 
and topical effects of hormones and drugs, 
vagal stimulation, and the electrical stimu­
lation of freshly cut sympathetic nerves to 
the stomach. Such knowledge is essential 
to an understanding of the development 
of peptic ulcers, acute and chronic 
gastritis and other gastric disorders.
The simple question “Why does the 
stomach not digest itself?” was answered 
in general terms by Claude Bernard who 
said that the gastric mucosal lining was 
impermeable. Hollander,3 in 1954, further 
defined the impermeability of this layer, 
suggesting that not only the tenacious 
mucin itself, but the layer of mucin-bear­
ing cells, which line the surface epithelium 
and glandular pits, provided a second 
component of the gastric barrier.
Peptic ulcers are believed to be due to 
the direct action of gastric acid and the 
physiologic proteolytic enzyme, pepsin, 
on the mucosa. Patients with duodenal 
ulcers often secrete an excessive amount 
of gastric acid and pepsin and it seems 
probable that, in some cases, increased 
exposure to these agents accounts for 
ulceration of the mucosa. However, this 
does not apply to gastric ulcer; some other 
factors must lead to the lowered resistance 
of the gastric or duodenal wall, that is, of
"From the Division of Surgical Research, De­
partment of Surgery, McGill University, Mont­
real, Que.
the gastric barrier. During the develop­
ment of these ulcers, gastric acid and 
pepsin somehow overcome the barrier, 
penetrating to susceptible cells of the 
mucosa. Mucin itself normally provides a 
barrier because it is not attacked by pep­
sin, while gastric acid alone breaks it down 
only very slowly. Acid pepsin would act, 
therefore, only if there was a loss of 
mucin or of the mucin-bearing cells. Such 
a loss could be brought about by some 
interference in the production or biosyn­
thesis of the mucin molecule or in its 
secretion. Recent research has approached 
these problems from many aspects: the 
permeability of the mucin layer, which de­
pends on its exact chemical structure; the 
effect of systemic agents such as hormones 
on its biosynthesis and secretion; and the 
action of topical agents on the mucosal 
surface itself.
Mucin is formed in, and secreted by, 
the surface epithelial cells and mucous 
neck cells. In the acid gastric lumen, the 
secreted product is found as shreds of 
visible mucin and dissolved in gastric 
juice; in fasting juice, in the absence of 
acid, it may often be found as a clear gel. 
Both dissolved material, and the visible 
shreds and gel are known as mucin, a 
group of macromolecules composed of 
carbohydrate closely bound to a protein 
backbone with the specific name of glyco­
protein.
Mucus, Mucin and Glycoproteins:
H istory and Definition
The word “mucus”, referring to a slimy, 
tenacious, viscid substance found in the 
animal body, has been in general use for 
200 years. Rostock, in 1805, first differen­
tiated it from the simple protein, albumin, 
and recognized that mucus from human 
body fluids, like ovomucin extracted from 
egg white, did not coagulate on heating.4 
Eichwald, in Germany in 1865, first recog­
nized that the mucin was mainly composed 
of carbohydrate and demonstrated its
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presence throughout the animal body.4 
For some time thereafter, all proteins were 
believed to be carbohydrates with glyco­
side structures, because they usually gave 
a positive test for sugars on heating with 
concentrated sulfuric acid and naphthol. 
However, in 1902, Emil Fischer established 
that proteins consist simply of long chains 
of amino acids forming peptide links.4 
Considerable research in many labora­
tories was needed to prove that the sugar 
moiety in mucinous secretions is firmly 
linked to these protein chains; these now 
are called glycoproteins. Many substances 
previously regarded as pure polypeptides 
or proteins, such as the -/-globulins of 
human serum, have a few side chains 
composed of a small number of sugar 
monomers.
Another type of sugar-protein complex, 
the mucopolysaccharides or heteropoly- 
aminosaccharide-protein complexes of con­
nective tissue, is now recognized. Sub­
stances such as heparin, chondroitin sul­
fate, and hyaluronic acid found in the 
umbilical cord and in synovial fluid, are 
characterized by their long chains of re­
peating units of amino sugars and uronic 
acids, some strongly sulfated. These acidic 
substances combine mainly with basic pro­
teins in a salt-like linkage, but also contain 
some close protein-sugar bonds.
Two observations concerning the bio­
logic activity of the glycoproteins of muci­
nous secretions stimulated interest in their 
chemistry. In 1930, Lehr and Putkonen 
demonstrated that A, B and O blood- 
group-specific substances were present in 
most mucinous secretions including gastric 
juice; a high proportion of human subjects 
(secretors) secrete substances that inhibit 
agglutination of their own red cells by 
antiserum from other individuals.4 The 
active prosthetic group of the mucin-blood- 
group substance, shared with the red cell 
membrane, is composed of polysaccharide 
containing galactose, fucose, acetylgluco- 
samine and acetylgalactosamine; their 
serologic activity is determined by the 
nature and sequence of these sugar resi­
dues and by the stereochemistry and posi­
tion of their glycoside linkages.5”
In the second observation concerning 
biologic activity, Burnet10 discovered that
substances isolated from mucinous secre­
tions could inhibit hemagglutination of red 
cells by influenza virus. The chemical com­
ponent of the mucin responsible for this 
ability is sialic acid or “neuraminic” acid,11 
found in gastric mucin and in most other 
secretions. Neuraminic acid is unstable and 
can only be detected in glycoproteins by 
gentle handling of the parent substance.
Glycoproteins are large molecules which 
differ from the mucopolysaccharides of 
connective tissue in their composition, in 
their carbohydrate-protein linkage, in the 
basic structure of the associated protein 
and in the size of the predominant carbo­
hydrate. The number of polymerized sugar 
residues in mucopolysaccharides ranges 
from 160 in cartilage chondroitin sulfate to 
several thousand in hyaluronic acid. In 
glycoproteins, the number of sugar resi­
dues is low, ranging from two in submaxil- 
lary gland mucin to 17 in fetuin, the major 
protein in fetal calf serum.
T he C hemistry of Gastric Secretions
Hydrochloric acid and pepsin have re­
ceived much attention, both in studies on 
the stimulation of their secretion and on 
the levels obtained in the whole stomach 
or in canine pouches. Acid and pepsin can 
be readily studied; H+ ions are relatively 
easy to assay. Mucin is much more difficult 
to estimate because of the practical dif­
ficulties in collecting adequate material to 
analyze.
Mucinous secretions from experimental 
animals and man have been studied in 
many different ways: total volume, dry 
weight of non-dialyzable materials, the 
total content and concentration of various 
sugar monomers and their ratios one to 
another; uptake of radioactive sulfate and, 
more reliably, by using methods of chemi­
cal or physicochemical fractionation. In 
addition, many workers have investigated 
the carbohydrate content of mucosal scrap­
ings, secretions from Heidenhain and Pav­
lov pouches, and from innervated and 
denervated antral pouches in dogs, and the 
contents of pyloric and cardia-ligated 
stomachs of rats.
Investigations should include analysis 
not only of the secretions in the lumen 
but also of the tenacious layer on the
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mucosal surface. This complex mixture 
could then be separated by physical means 
to yield the various components in a state 
fairly close to the natural material. So far 
we have not yet found a way to remove 
the layer adhering to the cellular surface 
without altering both its physical and 
chemical structure. However, research in 
man continues on the materials found free 
in the fasting lumen.
Fractionation  of G astric Juice
The secretions of the gastric mucosa 
found in aspirated gastric juice are com­
posed mainly of high molecular weight 
glycoproteins (mucins), lower molecular 
weight soluble mucoproteins and muco- 
proteoses (also called mucin), peptic en­
zymes and serum proteins such as albumin. 
All can be separated from electrolytes and 
other small molecules. Traces of all the 
serum proteins have been detected in 
human and canine neutral antral secretions 
by immunoelectrophoresis.12- 13 The con­
tents of the gastric lumen from fasting 
man have been studied extensively. The 
gastric juice is filtered or centrifuged to 
free it from mucus and desquamated cells; 
the soluble glycoprotein or mucoproteins 
are fractionated by precipitating them 
with trichloracetic acid or acetone,14 or by 
resin chromatography, lr>- 1,1 or by electro­
phoresis. 17'10 Two principal water-soluble 
fractions were recognized by the earlier 
chemical methods, hut physicochemical 
methods indicate that clear gastric juice 
contains a number of components. All 
glycoprotein fractions are composed of the 
sugar residues fucose, galactose, N-acetyl- 
glucosamine, N-acetyl-galactosamine and 
sialic acid (Table I). Uronic acids have 
been identified in canine gastric juice20 
and in extracts of whole canine stomachs21 
but they have never been isolated from 
human material. A small amount of sulfate 
is bound to most fractions.22'28
Production of gel mucin can be stimu­
lated by topical application of acetylcho­
line to the canine Heidenhain pouch.20 
Insoluble or gel mucin30'32 represents two- 
thirds of the total glycoproteins of normal 
human gastric juice; it can be freed from 
other proteins, cellular debris and bacteria
TABLE I.— C a r b o h y d r a t e  C o m p o s it io n  o f  
G astric  G l y c o p r o t e in s  
(m g ./ ]  00 m g. d r ie d  m u c in )
Soluble mucins
Gel
mucin
Glandular 
muco- 
protein21
Muco- 
proteose2
Hexose......................... 30.2 5.4 32.1
Hexosamine.............. 14.9 4.7 18.9
Fucose................... 8 .9 9  9. 8.5
Sialic acid.................... 0 .8 1.2 1.7
Total carbohydrate... 54.8 13.5 61.2
Sulfates.................... 2 .0 0.36 0.46
by ultrafiltration, rapid freezing and thaw­
ing. It slowly dissolves in urea and can be 
further purified by chromatography on a 
Sephadex gel column. Its molecular weight 
is more than 2 x 10°. This fraction is 
roughly 60% carbohydrate and is similar 
to the water-soluble gastric mucoprotein 
described by Glass, Rich and Stephanson21 
(Table I). Gel mucin from individuals who 
secrete blood-group-specific substances 
(secretors) very actively inhibits the ag­
glutination of the donor’s red cells by anti­
serum, indicating that the prosthetic carbo­
hydrate group is abundant and freely 
accessible in the gel as well as in the 
soluble mucins.
Schrager28' 33- 34 and Hiikkinen, Hartiala 
and Terho25 studied the carbohydrate 
composition of whole, unfractionated, dia­
lyzed human gastric juice and found in it 
the same monomers as in fractionated 
glycoproteins. Schrager also found glucose, 
not yet identified in human gastric gel 
mucin.
At present we can conclude that the 
main glycoprotein components of human 
gastric mucin are enormous, neutral or 
slightly acidic: macromolecules which carry 
the gene-controlled specificity of their 
donor. Sulfate groups are invariably found 
associated with the carbohydrate complex; 
the exact point of their attachment is not 
yet known.
B iosynthesis of G lycoproteins
W e know little about the cellular syn­
thesis of epithelial mucins. The first stages 
of the transformation of glucose to galac­
tose, fucose or acetylhexosamine involve 
the formation of an “active” glucose—uri-
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dine diphosphate glucose. A series of en­
zyme-catalyzed reactions have been found 
that transform the active glucose into 
chemically different monomers which then 
polymerize, forming sugar chains, and are 
attached to a protein backbone. Much of 
the research on these various synthetic 
pathways has been carried out on bacteria, 
but many specific enzymes have been 
found in mammalian tissues; for example, 
from hog gastric mucosa, workers isolated 
an enzyme that converts nucleotide acetyl- 
glucosamine to nucleotide acetylgalacto­
samine.35 As yet, no complete system of 
enzymes has been isolated from one single 
tissue and little has been done to assess 
the relative importance of the various 
enzymic pathways within the cells. Most 
important, we do not know how the mono­
mer residues polymerize to form glyco­
protein.
H isto ch em ical  Identification of
M ucins and  M ucinogens
The histochemical analysis of the gastro­
intestinal mucosa has proved to be a very 
useful technique. It can differentiate be­
tween the various pathologic reactions of 
lesions such as gastritis and carcinoma, 
and it can also help to illustrate and 
clarify problems of the formation and 
secretion of mucus under different condi­
tions.
Histochemical detection and identifica­
tion of mucins in the gastric mucosa is 
limited to certain chemical reactions which 
are shared with the mucopolysaccharides 
of connective tissue. The most definitive 
test for most carbohydrates is the periodic- 
acid-Schiff stain, in which vicinal hydroxyl 
groups of the sugar monomer are oxidized 
to an aldehyde which then reacts with 
Schiff base to give a red purple colour. 
Depending on the structure of the oligo­
saccharide and on the degree of cross- 
linking, any sugar unit will react posi­
tively. Stevens and Leblond36 used this 
PAS stain to demonstrate that the mucus- 
producing cells of rats’ gastric mucosa 
reproduced relatively very rapidly; almost 
6 %  of the surface epithelial cells enter 
mitosis every four hours,3 while the life of 
intestinal epithelial cells is about three 
days in the mouse.37
Alcian blue gives a blue stain- with 
mildly acidic polysaccharides or glyco­
proteins containing uronic acids or sialic 
acid; sialic-acid-containing glycoproteins 
can be differentiated from the more 
strongly acidic, sulfated mucopolysaccha­
rides which form a metachromatic dye 
with toluidine blue. Autoradiography, 
based on the uptake of 35S04, helps to 
identify cellular synthetic processes which 
involve the acid sulfate group. The re­
activity of the gastric mucosa to these 
techniques has shown a wide difference in 
various species, including man.38 Histo­
chemical studies of the different cell types 
from the fundic, cardiac and pyloric re­
gions of canine mucosa, reveal a variety 
of secretions whose histochemical diversity 
is striking but not clear.38 Recently Gold­
man and Ming40 showed that most human 
surface epithelial mucins are neutral but 
that deep foveolar and some neck cells 
contain acid mucins. Sulfated mucin can 
be detected in the normal antrum occa­
sionally and also in areas of intestinal 
metaplasia. Gastritis and gastric polyps 
contain normal neutral mucin but carci­
nomas contain both neutral and sulfated, 
and weakly acid mucins as well.
The histologic distribution of A, B, O 
(H) and Le" blood-group substances has 
been studied by Szulman,41- 42 and Glynn 
and Holborow43 by means of immuno- 
fluorescent techniques. Surface epithelial 
and foveolar cells react positively, sharing 
the specific activity of detached gel mucin 
and the water-soluble mucoproteins found 
in the gastric lumen.
R egeneration and H ealing  of
G astric M ucosa
McMinn and Johnson44 reviewed the re­
sults of differential staining of peptic 
ulcers and concluded that mucous cells 
migrate over the granulation tissue even­
tually covering the injured area with 
mucus. Parietal and chief cells seem to 
arise from these mucous cells to form a 
normal surface. The dominating viability 
of the mucus-producing cells can be ob­
served in gastric explants in dogs. Here, 
the parietal and chief cells disappear and 
a mucin-producing surface, characteristic 
of atrophic gastritis, results. When a pouch
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is refashioned from these explants, the 
parietal and chief cells reappear, produc­
ing acid which is found in the lumen.45
F unction of G astric M ucin
The mechanism by which the mucus, 
both intracellular and extracellular, func­
tions is still uncertain. Because gastric 
mucin is neutral, it cannot act as neutraliz­
ing base to H+ in the lumen. However, as 
a three-dimensional gel structure, it can 
hold solutions like a sponge. Gel mucin 
is freely permeable to small ions. Heat- 
ley48’ 4 7  suggested that as bicarbonate- 
containing solutions constantly exude from 
the epithelial cells into the mucin layer, 
a pH gradient is formed with the H+ ions 
that penetrate from the lumen. Thus, in 
the normal stomach, unneutralized H +  
ions may never reach the epithelial cells.
Stim u lation  and Inhibition of
Mucus Secretion
Mucus production in response to various 
systemic and topical stimuli has been 
studied, mainly in pouches produced in 
dogs but also in other animals. Histamine 
is used to stimulate gastric secretion of 
water, acid and pepsin; its action on 
mucin production is less emphatic. Kowa- 
lewski and Williams23 demonstrated quite 
clearly that histamine causes the guinea 
pig stomach to take up radioactive sulfate; 
the sulfate appears to be bound to a frac­
tion soluble in alkali, characteristic of 
carbohydrate-protein complexes. They 
found that histamine also caused excess 
bound radiosulfate to be secreted into the 
gastric lumen.
Jennings and Florey48 believed that the 
vagus stimulated mucus production; De 
Graef49 reached the same conclusion. 
However, Menguy and Thompson50 found 
that the vagus, when stimulated by insulin, 
did not increase mucus production in an 
innervated antral pouch. Insulin-induced 
hypoglycemia reduced both the total 
volume and the dry weight of non-dialyz- 
able material secreted by denervated 
antral pouches-an effect counteracted by 
the simultaneous administration of glucose.
Using the same type of acid-free gastric 
pouch, Menguy also demonstrated that pi­
locarpine, a cholinomimetic agent, or ace­
tylcholine itself, produced no change in 
quantity or carbohydrate composition of 
the secretion. These findings differ from 
those of other workers who found that 
acetylcholine and pilocarpine, given sys- 
temically or applied topically to whole 
stomachs and to fundic pouches, stimulate 
mucus formation. These differences may 
be due simply to the secretion of mucus of 
different composition or to the action of 
acid, freshly secreted as a result of these 
stimuli.
Endocrine Effects
“Steroid ulcer” has long been recognized 
as a complication of adrenal corticosteroids 
such as cortisone in man. Many workers 
have produced these ulcers experimentally 
in animals and measured the increased 
secretion of acid and pepsin usually pro­
voked by the injection of adrenergic mate­
rials.51’ 52 Steroids delay the healing of 
ulcers produced by chemicals, surgical in­
cisions52 and thermocautery.53
Hirschowitz54 and Hollander55’ 56 de­
scribed some of the effects of steroids on 
the secretion of other constituents of 
gastric juice. In patients receiving corti­
costeroid therapy for rheumatoid arthritis, 
Hitzelberger and Glass57’ 58 found that 
serum albumin and its degradation prod­
ucts were consistently increased in the 
gastric juice. Menguy and Masters59 found 
that, in the canine antral pouch, the total 
volume of non-acid mucinous secretions 
was decreased as much as 62%  by corti­
sone or ACTH. Kowalewski60 found that 
the mucosubstances in the gastric mucosa 
of rats on steroids took up less 35S 0 4. Al­
though the quantitative output of mucin 
seems to be controlled, no one has eluci­
dated the exact sequence of biosynthetic 
events that occur in mucinogenic cells 
after the systemic application of cortisone, 
mainly because of the difficulties in frac­
tionating gastric secretions from experi­
mental animals. However, all the evidence 
suggests that corticotropin and cortisone 
should be withheld from patients with 
peptic ulcers.
The systemic effects of other endocrines 
on gastric mucosa has been followed by 
experiments on animals. Extracts of para-
*
346 THE CANADIAN JOURNAL OF SURGERY Vol. 13
thyroid hormone increased the bound 
hexosamine and sialic acid content of rats' 
gastric mucosa and prevented the develop­
ment of ulcers in rats given cortisone. 
Menguy and Thompson50 observed that 
the total secretion of canine antral pouches 
was increased by injections of serotonin 
although the concentration of non-dialyz- 
able macromolecules and mucosubstances 
decreased concomitantly.
E ffects of D rugs on Mucus Secretion
Drugs administered orally have been 
blamed for the breakdown of the gastric 
barrier with subsequent bleeding and 
ulceration. Acetylsalicylic acid (aspirin) is 
associated with occult gastric bleeding and 
with exacerbations of ulcer symptoms.61 
These lesions are considered to be due to 
its topical effect. Kent and Allen62 showed 
that, when treated with salicylate, the 
mucus-producing cells of sheep colonic 
mucosa and human gastric tissue no longer 
respire at the same rate as controls; at the 
same time, the rate of biosynthesis of 
glycoprotein is considerably reduced as 
measured by the rate of radioactive uptake 
of labelled glucose, the amino acid threo­
nine, and radiosulfate. In these experi­
ments, aspirin was supplied in concentra­
tions similar to those found in the human 
gastric lumen after a high, but clinically 
acceptable, dosage of the drug. Menguy 
and Thompson50 showed that gastric secre­
tion is reduced even when the aspirin is 
not applied topically: when dogs received 
aspirin by mouth, the antral pouch 
secreted a smaller volume with a lower 
concentration of carbohydrate; rats in­
jected with salicylate secreted less carbo­
hydrate into the stomach. The effect of 
aspirin in high local concentration in vivo, 
therefore, may be due either to a direct 
topical inhibitory effect on glycoprotein or 
mucin biosynthesis, or absorption of aspi­
rin may raise blood levels to the point 
where an overall change in glycoprotein 
synthesis may occur. This subject is under 
active investigation because aspirin is used 
in such large amounts.
The anti-inflammatory drugs phenyl­
butazone and indomethacin are also as­
sociated with the development of gastric
ulcers and can cause peptic ulcers when 
administered to experimental animals. 
Menguy has found that vagally denervated 
gastric antral pouches secrete a signifi­
cantly lower volume after the animal’s 
treatment with these drugs. The composi­
tion of the non-dialyzable secretion also 
changes; the ratio of bound carbohydrate 
to protein is considerably reduced.65
Action of Acid and E nzymes on
Gastric Mucin
Gastric gel mucin is relatively resistant 
to the proteolytic action of pepsin and 
trypsin. Skoryna and Waldron-Edward31 
have shown that mucin maintained at pH 
1.0, a highly acid luminal pH, slowly re­
leases fucose and some peptides as well as 
sialic acid. The addition of pepsin makes 
no significant difference to the rate or 
extent of this action. Trypsin has no 
effect on freshly aspirated gastric mucus 
but, after acid treatment, trypsin in neutral 
solution can cause further degradation. In 
vivo, then, the direct action of acid-pepsin 
on mucin, secreted continuously, would be 
very slow under normal conditions, espe­
cially if the pH gradient across the mucin 
layer is maintained as suggested by Heat- 
ley.46, 47 In the terminal ileum and colon, 
further degradation by proteolysis of 
gastric mucin may take place; some part 
of its carbohydrate structure is known to 
be broken down by intestinal bacteria. 
Hoskins and Zamcheck64 have shown that 
all of the antigenic blood-group-specific 
prosthetic groups are destroyed by micro­
organisms and not by enzymes secreted by 
the host.
Conclusions
The mucinous layer lining the gastric 
epithelium acts as part of the gastric bar­
rier; it not only prevents injury from the 
luminal contents but also modifies the 
secretions of the various types of cells lin­
ing the stomach so that there is no large 
“leakage” of tissue contents. Within the 
cells, the route and rate of mucin biosyn­
thesis depends on the physiologic state of 
the mucosa.
Studies on the molecular biology of this 
layer require large volumes of mucin
r » -
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which are difficult to obtain. Consequently, 
many investigations have been carried out on epithelial glycoproteins secreted in much larger amounts in other parts of the body. In this way, ovarian cyst mucin has 
been used to investigate the structure of 
the carbohydrate prosthetic groups of the blood-group substances5'9 because it has a 
composition and properties similar to the insoluble or gel mucin of the stomach. 
These ovarian mucins share biologic ac­
tivity, and probably, therefore, some 
chemical structures with the gastric mucin.
Methods developed to study various aspects of the carbohydrate and protein 
moieties of glycoproteins on a relatively large scale can be applied to gastric mucin 
on a micro-scale. Although the molecular structure of the secreted mucinous layer 
may eventually be discovered, many prob­
lems will still confront us. Investigations must be carried out on the mucin within 
the mucosal cells, and particularly on its biosynthesis. Studying the composition of cellular mucin, Pamer, Glass and Horo- 
witz85 characterized water-soluble sulfated 
glycoproteins and chondroitin sulfate, iso­lated by proteolytic digestion of canine mucosal scrapings.
1 he stomach, whose mucosal cells plus 
the mucin layer form a barrier that resists 
the onslaught of hyperacidity, proteolytic digestion and the actions of bacteria and 
drugs, poses a challenge to researchers in many fields of science. Continuing studies 
are necessary to relate changes with the 
development or remission of disease states, 
and to provide the surgeon with essential knowledge.
Summ ary
The term “gastric mucin” covers not only 
the carbohydrate-protein complexes form­ing the visible gels and shreds found in gastric juice, but also some dissolved 
material. This mucin is synthesized in the columnar surface epithelial cells and in the 
mucous neck cells, where it can be de­
tected histochemically. Mucin-producing cells are predominant in the gastric mucosa, covering granulation tissue after surgery, whereas parietal and peptic cells develop later.
Gastric mucin is a mixture of molecules
of different sizes but of similar composi­tion, made up of a protein backbone at­
tached to characteristic oligosaccharide side chains. These side chains confer such 
biologic activities as the ability to inhibit agglutination of the donor’s red cells by 
antiserum, and the ability to inhibit hemagglutination by influenza virus.
The three-dimensional mucin gel ad­herent to the mucosal surface provides a 
relatively stable protective layer, freely permeable to small ions such as 11 ' from 
the lumen, or Na+ from the cells, leading 
to the formation of a pH gradient. The 
mucinogenic cells are being constantly 
formed, and mucin is being constantly 
secreted, so that the “gastric barrier” prob­
ably functions by virtue of the dynamic nature of its protective mechanism.
Mucin formation is reduced by the 
hormonal action of corticosteroids, by as­pirin, and by some other drugs, with re­
sulting peptic ulcers. Histamine, acetyl­
choline and vagal stimulation of the 
stomach interfere with secretion of gastric- mucin, but it is probable that these are indirect effects.
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R e s u m e
La mueine gastrique est biosynthetisee dans les 
cellules epitheliales cylindriques de la surface du 
tissu gastrique et dans les cellules muqueuses du 
col des glandes gastriques dans lesquelles elle 
peut etre mise en evidence par des methodes 
histoehimiques. Les cellules produisant la mueine 
sont predominantes dans la muqueuse gastrique, 
recouvrant le tissu de granulation qui se forme 
apres intervention chirurgicale, alors que les cel­
lules parietales et peptiques se developpent plus 
tard.
La mueine gastrique est un melange de mole­
cules de differentes dimensions, mais de com po­
sition semblable, formees d u n  squelette pro- 
teinique, liees a des chaines laterales d’oligos- 
sacharides specifiques. Ces chaines laterales per- 
mettent des activites biologiques telles que la 
capacite d inhiber 1 agglutination par antiserum 
des globules rouges du donneur, et celle d ’inhiber 
hemagglutination par le virus grippal.
Le gel de mueine adhere a la muqueuse et for­
me une eouche protectriee relativement stable, 
tout a fait permeable aux petits ions tels que H + , 
provenuni: de la lumiere ou \a j-, provenant des 
cellules de la muqueuse, ce qui amene a la for­
mation d un gradient du pH. Les cellules mucino- 
genes sont produites de faqon constante et la 
mueine est  ^aussi secretde continuellement, si bien 
que cette barriere gastrique”  fonctionne probab- 
lement grace a son mechanisme dynamique de 
protection.
La formation de mueine est reduite par Faction 
des hormones corticosteroides, par laspirine, et 
par quelques autres medicaments, conduisant au 
developpement dulceres peptiques. L’histamine 
1 acetylcholine et la stimulation de Festomac par 
le vague, ont probablement des effets indirects 
cai ils s aocompagnent d’une diminution de la 
secretion de mueine.
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COMBINED ABDOMINOPERINEAL EXCISION FOR CANCER OF THE 
RECTUM: PRIMARY SUTURE OF THE PERINEAL INCISION 
WITH CONTINUOUS SUCTION*
A. D. McLACHLIN, M.D., M.Sc., D.Phil.(Oxon.), M.S.(Tor-), F.R.C.S.[Eng. & C], F.A.C.S. 
and D. A. MacKENZIE, M.D., M.Sc., F.R.C.S.fC], F.A.C.S., London, Ont.
Combined abdominoperineal excision of the 
rectum leaves a deep wide perineal wound 
prone to bleeding, infection, slow healing 
and prolonged hospital stay. Miles,13 who 
established the operation in the first part 
of this century, attempted primary closure 
of the perineal wound1 but, in 1914, stated 
categorically “I always use a sheet of green 
protective two-feet square for lining the 
cavity, and then pack the gauze into it, the 
subsequent removal of the gauze thus 
being rendered easy and painless. 1 The 
mortality rate in Miles’ first 12 patients 
was 42%. He repeatedly mentions the im­
portance of operative speed. In an era be­
fore blood transfusion was safe, packing 
the perineal wound provided a rapid 
means of controlling oozing (Fig. 1). The 
safety of this method must not be for­
gotten.
With advantages denied to surgeons of 
Miles’ time, the patient can now be sup­
ported until careful hemostasis is obtained. 
In selected patients it has proved possible 
to cany out primary suture of the perineal 
wound using rubber drains1 or with re­
peated aspiration of a perineal catheter.’’ 
Stimulated by success with wound suction 
following radical mastectomy, we have 
used primary suture of the perineal wound 
with continuous suction in an effort to 
lessen postoperative morbidity and hospi­
tal stay following combined abdomino­
perineal excision of the rectum.
The work was begun in 1956 and an 
early report was given at the Annual Meet­
ing of the Royal College of Physicians and 
Surgeons of Canada in Montreal in Octo­
ber 1957. At the meeting of the Editorial 
Board of the Canadian Journal o f Surgery 
the following Sunday, the late Dr. R. M. 
Janes, who was a strong protagonist of 
perineal packing, said he believed primary 
suture was too radical to be published at
“From the Department of Surgery, Faculty of 
Medicine, University of Western Ontario, London, 
Ont.
that time. Following his suggestion we 
went on with the method and set up a 
protocol that would give a critical assess­
ment of patients under our direct responsi­
bility. Patients of other members of our
teaching staff did not have enough docu­
mentation to be assessed as carefully but 
seemed worthy of inclusion to show that 
the method had proved satisfactory to a 
whole surgical group rather than to two 
surgeons who had developed a special 
skill. The 1956 to 1968 results were pre­
sented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of 
Canada in 1969, and there now seemed 
enough acceptance of the principle to 
warrant presentation to a wide surgical 
audience.
Operative and Postoperative
Management
Combined abdominoperineal excision of 
the rectum is carried out in the lithotomy- 
Trendelenburg position8 (Fig. 2) with a 
pelvic rest.7 A one- or two-team method 
may be employed. The wide removal of
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rectum and adjacent tissues advised by Miles3 is done without concern about the 
closure. Careful control of bleeding points and saline irrigation are effected from both 
the abdominal and perineal approaches. 
The perineal incision is closed with non­
absorbable deep vertical mattress sutures approximating the levator ani muscle 
stumps as much as possible and including 
the skin. Skin-edge sutures are placed be­
tween the mattress sutures. A No. 22 F 
catheter with multiple small apertures is 
inserted through the sacral end of the peri-
Fig. 3.—The perineal incision has been closed by primary suture with a catheter placed between the perineal and peritoneal layers for suction drainage. The suction pulls the layers together.
neal incision. Suction at 5-lbs. pressure is applied to the catheter continuing the saline irrigation from above (Fig. 3). The peritoneal floor is now reconstructed, free­ing peritoneum from the urinary bladder 
in the male or incorporating the uterus and 
tubes in the female as required (Fig. 4). If necessary the cecum and terminal ileum 
may be mobilized. When the peritoneal 
floor becomes air-tight, the perineal and 
peritoneal layers are pulled together by the suction producing a firm pressure of 
one raw surface against the other that seems very effective in controlling small
bleeding points. The 5-lbs. suction is kept 
up until the patient leaves the operating 
room and a vacuum bottle maintains the suction on the way to the recovery room. 
Low-pressure suction is then started and 
continued for four days. The perineal mat­
tress sutures are removed on the fourth 
day and withdrawal of the perineal cathe­ter is completed by the sixth day. The 
skin-edge perineal sutures are removed on the tenth postoperative day. If primary suture does not seem advisable, the peri­neal wound is held open by packing as described by Miles.3
R esults
Of 189 patients subjected to combined abdominoperineal excision for carcinoma 
of the rectum between the years 1956 and
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1968, primary closure of the perineal in­
cision with suction was carried out in 105. 
No deaths in the series can be attributed 
to the primary closure and suction. There 
has been a steady increase in the propor­
tion of patients treated in this manner. 
During this same period, 67 consecutive 
cases under the direction of the authors 
were placed on a protocol that would per­
mit some comparison of the two methods 
of managing the perineal incision. Primary 
closure with suction was used in 57 and 
packing in only 10 patients. Continued 
oozing was the common indication for 
packing. Obesity and minimal contamina­
tion as in a break into the tumour or into 
the lumen of well-prepared bowel were 
considered less important reasons.
In one patient the perineal sutures were 
removed and packing inserted because of 
bleeding. Recovery was then uneventful. 
There was no mortality attributable to the 
method. Of the 67, three patients died in 
hospital 21, 27 and 29 days after operation; 
death was due to pulmonary embolus, 
cardiac infarction and bilateral pneumonia 
respectively in patients aged 78, 72 and 77 
years. The suction catheter was removed 
after a median of six days and the median 
volume of the suction was 600 c.c. Most of 
the fluid was aspirated in the first hour 
after operation and it likely consisted 
chiefly of the saline solution used as an 
irrigant.
The healing of the perineal wound was 
followed closely, with bacterial cultures as 
indicated. Infection was recorded if there 
was any delay in healing. Six of the 10 
patients with packing were considered to 
have infected wounds. Proteus vulgaris was 
a common late contaminant. In the 57 pa­
tients with primary suture and suction, the 
need to remove sutures earlier than 
planned to provide drainage seemed very 
significant. This was necessary in two pa­
tients. In a third a persistent small dis­
charge from the catheter track required 
readmission to hospital and enlargement 
of the opening. In all three there seemed 
no threat to life and the morbidity was 
low. Bleeding or infection thus caused un­
satisfactory healing of the perineal wound 
in four of the 57 patients treated by 
primary suture and continuous suction.
Urinary catheter drainage was for a 
median of nine days with primary suture, 
and 13 days with packing. Urinary tract 
infection was reported in six of the 57 
patients with primary suture and suction, 
and in three of the 10 with packing. The 
median hospital stay after operation was 
28 days (10 to 90 days) with primary 
closure and suction, and 47 days (18 to 144 
days) with packing. The patient with pri­
mary suture and suction was more com­
fortable, and up and about earlier than the 
patient with packing.
D iscussion
Experience has led to primary suture of 
the perineal incision with suction in an 
increasing proportion of patients under­
going combined abdominoperineal excision 
for cancer of the rectum. In spite of our 
satisfaction with the method, we believe 
there are some perineal wounds suited 
only to packing.
Sum m ary
Studies of 189 patients undergoing com­
bined abdominoperineal excision for cancer 
of the rectum suggest that primary closure 
of the perineal wound with continuous 
suction can be used in selected cases to 
lessen postoperative morbidity and shorten 
hospital stay without adding to the opera­
tive mortality rate.
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R esume
L’excision combinee du rectum par voie ab- 
clominqperineale cree une large plaie operatoire 
du perinee, plaie qui pent saigner et s’infecter, 
qui guerit lentement et prolonge la duree de 
1 hospitalisation. Le docteur Miles qui avait pro- 
pose cette operation durant la premiere moitie du 
siecle, conseillait le tamponnement de l’incision.
Depuis 1956, pour tenter de reduire la mor- 
bidite postoperatoire et la duree de l’hospitalisa­
tion, nous avons pratique la fenneture primaire 
de la plaie perineale avec succion continue chez 
une proportion croissante de malades. D’apres 
notre experience, certains types de plaies peri- 
neales seulement conviennent au tamponnement. 
Apres avoir opere 189 patients pour cancer du 
rectum par la methode de Miles, nous estimons 
que la fermeture primaire de la plaie perineale 
avec succion continue peut etre utilisee dans cer­
tains cas choisis.
LEIOMYOSARCOMA OF 
GASTROINTESTINAL TRACT
Leiomyosarcoma occurs as a rare malignant 
tumour of the gastrointestinal tract, primarily 
in the stomach and small intestine. The authors 
present a retrospective study o f 13 such lesions 
seen during the period 1949 to 1968. The sex 
incidence was essentially equal; the average 
patient was 64 years of age. Six lesions were 
of gastric origin; seven were located in the 
small intestine.
Symptoms of gastric lesions were non­
specific, primarily weight loss and dyspepsia. 
In contrast with other reports, no patient in 
this series had melena or hematemesis secon­
dary to a gastric leiomyosarcoma. Small in­
testinal lesions produced at least one major 
symptom in each patient. Cramping abdominal 
pain or melena was the most common symp­
tom.
Except for evidence of weight loss, findings 
at physical examination were generally un­
revealing. Only one patient had a palpable 
mass. Laboratory studies were likewise un­
rewarding except for the presence o f signifi­
cant anemia in 70% of patients.
Contrast roentgenographic examinations dis­
closed a filling defect in all patients with 
gastric lesions, but were of no diagnostic value 
in small intestinal leiomyosarcomas.
All lesions were successfully resected. Three 
gastric tumours were treated by subtotal 
gastrectomy and three by local excision. Small 
intestinal lesions were managed by resection 
and anastomosis. No liver metastases or peri­
toneal seeding was encountered in any patient 
at the time of initial operation. Although en­
larged lymph nodes were commonly present, 
all showed only inflammatory changes. Frozen 
sections of the tumours were of little help; 
there were four false negatives in seven ex­
aminations. Six of the 13 patients have died
of leiomyosarcoma although half o f these sur­
vived over five years.
Leiomyosarcomas are radioresistent. Chemo­
therapy, particularly with fluorouracil, may 
give worthwhile palliation.-Stanley, W. M. 
and Groshong, L. E.: Leiomyosarcoma of 
gastrointestinal tract, Amer. Sure. 35: 809 
1969.
DUPLICATION OF ANUS AN D 
GENITOURINARY TRACT
The author presents a detailed analysis of 
38 duplications of the anus and genitourinary 
tract accumulated in the world literature and 
adds two patient reports.
One of the patients was a female infant 
who had two perineal anuses with duplication 
of the vulva, vagina, bladder and urethra. In­
ternally, the rectum and colon were duplicated 
as far proximally as the cecum. The infant 
urinates simultaneously through both urethras 
and similarly defecates through both anuses. 
Normal continence is noted in both areas.
Dissection of the second infant with a 
double anus showed a single common pubo- 
rectalis muscle. The external sphincter sur­
rounded both anuses, although each anus had 
its own internal sphincter. This muscular 
arrangement suggests that, when both anuses 
open externally, corrective surgical treatment 
should not be undertaken since normal con­
tinence may be jeopardized in the attempt to 
excise one rectum from the other. For the 
same reason the continent double urethra may 
not require treatment and the surgical re­
construction should be confined to creating 
the external appearance of a single genital 
apparatus.—Smith, E. D.: Duplication o f anus 
and genitourinary tract, Surgery, 66: 909, 
1969.
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BASIC PRINCIPLES OF ELECTROSURCERY: A REVIEW
ROBERT JACKSON, M.D., F.R.C.P.fC],* Ottawa, Ont.
E lectrosurgery1-15 is the use of electricity 
for the destruction of new growths and 
diseased and abnormal tissue, for cutting 
through normal and diseased tissues with 
minimal bleeding, for producing hemo­
stasis of small blood vessels in the nose 
and during scalpel surgery, for taking 
biopsies and for the removal of superfluous 
hair. Electrosurgery includes the following 
procedures: electrodesiccation (electroful- guration), electrocoagulation, electrosec­
tion, electrocautery and electrolysis (Table
I ) .
Surgical D ia th er m y  (Gr. “dia”—through, 
“therme”—heat)
The principle involved in both medical 
and surgical diathermy is as follows.
Using electrodes, alternating current (of 
sufficiently high frequency to avoid ner­
vous and muscular response) can be passed 
through living tissue with no effect other 
than the production of heat. The heat pro­
duced is the direct result of the resistance 
offered to the passage of the current by 
the living tissue. The electrodes them-
TABLE I .—E lectbostjrgical Methods
Type Electrode A pparatus
High-frequency oscillat ing current Pathology
1. Electrodesiccation (elec trofulgu ration) M onoterm inal
One active Spark-gap Damped,very high voltage,
low amperage
Shrunken and shrivelled cells, nuclei condensed and elongated, blood vessels thrombosed
2. ElectrocoagulationBiterm inal
Two:one active, one dispersive
Spark-gap Damped, lower voltage, 
higher amperage
Cell outline lost, tissues fused into structureless homogeneous mass w ith a hyalinized appear­
ance. Sealing of small vessels
Two fixed 
active
Spark-gap Damped, lower voltage, higher amperage
Electrocoagulation effect, local­
ized between electrode points
3. ElectrosectionBiterm inal
Two:one active, one dispersive
Spark-gap M oderatelydamped
Fine-line destruction of cells (cutting) and some electrocoa­
gulation effect (hemostasis)
Two:one active, one dispersive
Vacuum-
tube
Undamped Fine-line destruction of cells (cutting)
4. E lectrocautery H ot wire* Step-down transformer 
w ith variable resistor
Low voltage (5 volts),f 
high amperage 
(15 amps)
A m o rp h o u s  c o o k ed  t i s s u e ,  
steam formation spaces, carbon 
present
5. Electrosurgicalepilation(a) Electrolysis
Two
22J^-volt B 
battery, variable resistor
Low voltage, f 
low-amperage 
(1-2 ma.), direct current
Chemical cauterization of tis­
sue: anode—acids and oxygen; c a t h o d e — h y d ro x id e s  a n d  
hydrogen
(b) Electrodesiccation (see above) A very fine desiccating current under perfect control
*Note th a t ho t wire is not an electrode (see text).fN ote th a t  currents are not high-frequency oscillating currents (see text).
“Derm atologist, O ttaw a Civic Hospital. Consul­tan t Derm atologist, O ttawa Civic Hospital Clinic of the  Ontario C ancer Treatm ent and Research Foundation. Lecturer in Medicine (Dermatology), 
University of Ottawa, Ottawa, Ont.
R eprint address: 310 O’Connor Street, O ttaw a 4, 
Ont.
For definitions of term s used in this paper, see 
p. 360.
selves are not hot, except for the heat they pick up from the tissue warmed by the current.
When large electrodes of equal size are used, the current density is evenly dis­persed within the intervening tissue with a corresponding temperature rise adequate
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Medical Diathermy
Indifferent
Surgical Diathermy
Undamped
Fig. 2.—Schematic representation of damped 
and undamped currents.
Active electrode
Fig. 1.—Schematic representation of medical 
and surgical diathermy.
for medical diathermy and without con­
centration sufficient to cause cell destruc­
tion. Exceptionally high frequencies can 
be successfully used in medical diathermy 
(e.g. short-wave diathermy) (Fig. 1).
When one electrode is large (dispersive) 
and the other small (active), the current is 
no longer evenly dispersed, but attains 
sufficient density at the small or active 
electrode to cause actual destruction of 
the cells by heat and by dissolution of 
their molecular structure where the small 
electrode is applied. This is surgical dia­
thermy (endothermy) (Fig. 1).
E lectrodesiccation
Electrodesiccation is the effect produced 
by a high-frequency (500,000 to 1,000,000 
hertz) alternating electrical current of com­
paratively high voltage (2000 or more 
volts) and low amperage (100 to 1000 ma.) 
using one active electrode. The oscillations 
are damped, i.e. the intensity of the volt­
age rapidly diminishes with each oscilla­
tion followed by a gap when there is no 
voltage, the cycle then being repeated 
(Fig. 2). The active or operating electrode
is in contact with the tissue. The spark-gap 
apparatus is used to produce electrodesic­
cation.
Electrofulguration is the same as electro­
desiccation except that the active or 
operating electrode is held at a slight dis­
tance from the tissue causing a sparking. 
Both terms are now usually used to mean 
the same thing. Histologically electro­
desiccation causes shrunken and shrivelled 
cells with the nuclei condensed and elon­
gated giving an overall appearance of 
streaming. The blood vessels are throm­
bosed.12
E lectrocoagulation
This is the effect produced by a high- 
frequency alternating current of higher 
amperage (2500 to 4000 ma.) and lower 
voltage (under 200 volts), using one active 
and one dispersive electrode. It, too, is 
characterized by damped oscillations. Bi­
active coagulation describes the use of two 
fixed active electrodes, approximately 1.0 
cm. apart. The use of biterminal active 
(two fixed active) electrodes helps to de­
lineate the area coagulated, because the 
distance between the electrodes indicates 
approximately the amount of tissue that 
will be destroyed. The spark-gap ap­
paratus is used to achieve electrocoagula­
tion. Histologically the cell outline is en­
tirely lost and the affected tissue elements 
are fused into a structureless homogeneous 
mass with a hyalinized appearance.12
Spark-Gap Apparatus (Fig. 3)
There are three electrical circuits: (a) 
the power supply circuit, (b) the oscillating
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POWER
SUPPLY
CIRCUIT
OSCILLATING, 
HIGH FREQUENCY 
OR GAP CIRCUIT
PATIENT
CIRCUIT
Fig. 3.—Basic circuitry of the spark-gap electro- 
surgical apparatus.
circuit (high-frequency or spark-gap cir­
cuit), and (c) the patient’s circuit.
Circuit (a.).—The 110-volt power is 
stepped up to several thousand volts with 
a step-up transformer, the size of the mag­
netic core and number of turns on the coils 
of the transformer determining the output.
Circuit ( b ) .—The 60-cycle alternating 
voltage is increased by an oscillating cir­
cuit consisting of (1) a set of capacitors, 
(2) a spark gap to produce high-frequency 
(500,000 to 1,000,000 hertz) damped oscil­
lations and (3) a variable transformer (in­
ductance or resonator coil). In the spark- 
gap apparatus, voltage with the potential 
increased to several thousand volts charges 
the capacitors. When the capacitors reach 
sufficiently high tension they will dis­
charge through the spark gap and current 
will flow through the transformer. Re­
peated charging and discharging produces 
a series of damped oscillations. The wider 
the spark gap, the higher the charge (i.e. 
voltage) accumulating in the capacitors 
and the longer the rest period between 
discharges; however, the frequency of 
oscillations remains constant, being deter­
mined by the capacitor and the inductance
coil. In one commercial machine a rheo­
stat controls the intensity of the current in 
the oscillating circuit; in two others, the 
intensity of the current is controlled by a 
variable transformer. The spark gap is 
fixed at the factory and may be adjusted in 
some machines by a simple procedure.
Circuit ( c ) .—Oscillations produced in 
the oscillating circuit pass through the 
transformer to the patient circuit. A block­
ing capacitor in the patient’s circuit will 
let pass high-frequency voltages, but not 
low-frequency voltage. This is necessary 
as a safety precaution in case of breakdown 
of the apparatus which would allow ordi­
nary wall outlet electric current to pass 
through giving the patient a shock or burn. 
To step up the voltage even more, the 
patient’s circuit contains an Oudin step-up 
transformer. When only one active elec­
trode is used the patient’s circuit is com­
pleted by a shedding of electrons to the 
air, walls and floor about the patient. 
When a machine with biterminal (one 
active, one dispersive) electrodes is used, 
the circuit is completed by a direct con­
tact of the patient with the other elec­
trode. With a monoterminal (one active 
electrode) machine a much higher voltage 
is required. The operative or active termi­
nal or electrode is a stainless-steel curved, 
straight or fine needle, or it may be ball 
shaped.
Frequently the spark-gap apparatus is 
used for hemostasis, for example in plastic 
and reconstructive surgery,16 epistaxis,17 
and tonsilloadenoidectomy,18 control of 
bleeders in operations requiring large skin 
incisions and in neurosurgery.19 When 
using the spark-gap apparatus for hemo­
stasis it is important to remember three 
things: (1) the field must be almost free of 
blood because excess blood diffuses the 
current and heat too quickly making 
hemostasis impossible; (2) all large bleed­
ers should be tied; and (3) as little current 
for as short a time as possible should be 
used.
One of the advantages of electrodesic­
cation is that the current can be very 
easily regulated so as to destroy only a 
hair follicle, to destroy a pinhead-sized 
lesion or to destroy a 2.0-cm. bulky exo­
phytic tumour. For very superficial lesions,
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there should be a short air space between 
the needle and the lesion; for medium­
sized lesions, the needle should be brought 
into contact with the lesion; and for large­
sized lesions, the needle should be put 
into the lesion. Use the smallest amount of 
current possible so as to minimize tissue 
destruction.20
E  LECTROSECTION
Electrosection is the cutting effect pro­
duced by a high-frequency alternating 
electrical current which is either (a) un­
damped (Fig. 2) in the case of the vacuum- 
tube apparatus (pure cutting—no hemo­
stasis) or (b) moderately damped with a 
spark-gap apparatus (cutting and some 
hemostasis). Hemorrhage is controlled by 
switching to a “blending” current, i.e. 
mixed vacuum-tube and spark-gap current. 
One active and one dispersive electrode 
are used. Histologically, at the edge of the 
fine (0.1 mm.) cutting line, the cells dis­
integrate. Away from the plane of cutting 
there are elongated tissue cells and a 
slight histologic coagulation effect.12 The 
exact mechanism of production of these 
effects is not known.
V a c u u m -T u b e  Appa ra tu s (Fig. 4)°
As with the spark-gap apparatus there 
are three principal divisions to the 
vacuum-tube apparatus: (a) the power 
supply circuit, (b) the oscillating circuit (in 
this case providing a source of high- 
frequency sustained undamped oscillations 
from a vacuum or radio tube) and (c) the 
patient’s circuit.
Circuit (a ) .—The transformer and recti­
fier in the power supply circuit provide a 
source of low-voltage alternating current 
to light the filaments of the oscillator 
tubes, and a source of high-voltage direct 
current for the plates of the same tubes.
Circuit (/?).—'The oscillating circuit pro­
duces its high-frequency undamped sus­
tained oscillations in the following man­
ner: assume the charge at A (connected to
*This description of the electronics of the vacuum- 
tube apparatus has been greatly simplified and is 
meant to illustrate the basic principles and not 
the actual circuitry of the vacuum-tube apparatus 
machine.
Fig- 4.—Basic circuitry of the vacuum-tube ap­
paratus (see text for explanation of letters and 
numbers).
the grid of the vacuum tube) is a positive 
rising voltage. This will result in an in­
crease in the flow of electrons passing 
from the filament to the plate and there­
fore increase the current in the outer por­
tion of the oscillating circuit. The rising 
current in coil (2) causes a current to flow 
in the patient’s circuit via coil (3), and also 
causes an increase in voltage in coil (1) to 
make the A side more and more positive.
This continues until the capacitor (C) is 
fully charged positively and the voltage 
between coils (1) and (2) is equal. Because 
there is no longer a rising current in coil 
(2), the magnetic field becomes weaker 
and the capacitor (C) discharges causing a 
current in the inner portion of the oscillat­
ing circuit to flow in the opposite direction 
and the potential at A falls until point A 
and the grid are negatively charged. The 
current in the outer portion of the oscillat­
ing circuit is stopped by the valve action 
in the space between the plate and the 
filament because the grid is now nega­
tively charged at approximately the same 
negative potential, and tends to repel the 
electrons coming from the heated filament. 
Eventually the capacitor (C) is fully 
charged negatively and begins to dis­
charge in the opposite direction, until the 
grid and point A become positive again, 
and current again can flow through the 
vacuum tube to the outer portion of the 
oscillating circuit.
Circuit (c ) .—The patient’s circuit is tied
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into these changes by the placement of 
coil (3) within the lines of magnetic force 
of coil (2) (i.e. mutual inductance), so the 
high-frequency undamped oscillating cur­
rent becomes available in the patient’s 
circuit. The operative electrode is a stain­
less-steel loop, straight, bent or curved 
needle, or a blade.
General C omments on E lectro­
desiccation, E lectrocoagulation
and E lectrosection
The amount of tissue destruction in 
electrodesiccation, electrocoagulation or 
electrosection depends upon: (1) the
amount of power (or current intensity) 
used—the more power the more destruc­
tion; (2) the length of application—longer 
contact produces deeper desiccation or 
coagulation; the faster the cutting current 
electrode is moved, the less tissue is de­
stroyed; (3) the size of the electrode—the 
larger the active electrode the greater the 
destruction; and (4) the density and mois­
ture (i.e. the electrical properties) of the 
tissue being treated.
There is some overlap between electro­
desiccation and electrocoagulation. By in­
creasing the monoterminal electrodesiccat- 
ing current you can produce coagulation 
and by increasing the resistance in the 
circuit of an electrocoagulating current the 
amperage can be reduced, with a corres­
ponding reduction in the destructive effect 
and so a mild epilating current can be ob­
tained.
Both damped and undamped currents 
produce heat but, for the same amount of 
heat, damped current must rise to very 
much higher initial values because of the 
relatively long pauses when no current 
flows. Thus, for the same cutting qualities, 
the vacuum-tube apparatus will require 
less current than the spark-gap type and 
produce less heating in the tissue, while 
the spark-gap apparatus needs more cur­
rent for the same cutting and produces 
hemostasis with the increased heat near 
the cutting electrode. The vacuum-tube 
apparatus is particularly effective when 
electrosection under fluid is required.
The electrical hazards of electrosurgery 
are discussed in detail elsewhere in this 
issue (p. 362).21
Because all spark-gap and vacuum-tube 
apparatuses are basically radiofrequency 
generators, it may be difficult to use 
sensitive electronic devices such as elec­
trocardiogram and electroencephalogram 
recorders in the vicinity of these 
machines.22’ 28
n o  v.
60 AC
E lectrocautery (Fig. 5)
This is the effect obtained by an ap­
paratus consisting of a holder containing a 
wire, which is heated to a dull or cherry 
red colour by an alternating current. 
Further heating to a “white hot” tip should 
be avoided because it may destroy more 
tissue than necessary.
From a wall socket a plug takes a 110- 
volt, 60-hertz current. There is an off-on 
switch on the top of the machine. A step- 
down transformer reduces the voltage to 
about five volts and steps up the current 
(amperage) to about 15 amps. The heat is 
controlled by a variable resistor which 
controls the intensity of the current in the 
second circuit. Treatment is administered 
by a platinum alloy blade, loop or needle. 
It is connected directly to, and is actually 
part of, the second circuit. Platinum is 
used to resist the corrosive action of the 
atmosphere on the electrode. No current
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flows into the patient. Electrocautery is 
not a form of surgical diathermy.
Histologically the cauterized tissue shows 
an amorphous material with almost com­
plete loss of normal cell and stroma out­
line. Small spaces representing areas of 
steam formation are present. Some charred 
tissue (carbon) can often be seen.
E p il a t io n
Epilation, the removal of superfluous 
hair, can be done by one of two electro- 
surgical procedures.
(1) Electrolysis is the use of direct (gal­
vanic), low-voltage, low-amperage current 
which produces chemical ionization in the 
tissues (surgical galvanism). At the positive 
pole or terminal (anode), acids such as 
hydrochloric acid are formed with the re­
lease of oxygen. These acids cause pain, 
vasodilatation and coagulation of proteins 
on the electrode, with migration of metal­
lic ions into the tissue, producing a promi­
nent tattoo. At the negative pole (cathode), 
hydroxides such as sodium hydroxide are 
formed with the liberation of hydrogen. 
The hydroxides liquefy the tissues and 
produce minimal discomfort. The negative 
electrode of the electrolysis machine is 
always attached to the treatment needle. 
The positive or dispersive electrode con­
sisting of a cylindrical metal electrode is 
held in the palm of the patient.
The basic circuit of the battery apparatus
Milliammeter
\
_________ +_ _________________
Dispersive Active 
electrode electrode
To needle holder
Fig. 6.—Basic circuitry of battery apparatus for 
electrolysis.
used for electrolysis (Fig. 6) consists of a 
22%-volt B battery, a zero to five milli­
ammeter, a 50,000-ohm variable resistor, 
one anode, which can be held in the 
patient’s palm, and one cathode which is 
attached to the needle holder to perform 
the actual procedure. In general, % ma. 
to 1 ma. is suiflcient to produce good 
electrolysis with minimal discomfort.
(2) The spark-gap apparatus may be 
used for epilation, using a very fine 
electrodesiccating current under perfect 
control.
Su m m a r y
The three most commonly used types of 
electrosurgery—electrodesiccation, electro­
coagulation and electrosection—are based 
on the fact that alternating current, of 
sufficiently high frequency to avoid ner­
vous and muscular response, can be passed 
through living tissue with no effect other 
than heat production. Electrodesiccation is 
produced by the spark-gap apparatus 
which emits a damped, high-voltage, low- 
amperage current which is transmitted to 
the patient by one active electrode. Using 
a lower voltage and a higher amperage 
and two electrodes (one active and one 
dispersive), the spark-gap apparatus will 
produce an electrocoagulating current. The 
vacuum-tube machine develops a high- 
frequency alternating undamped current 
which, when used with two electrodes 
(one active, one dispersive), produces the 
effect called electrosection. The amount of 
tissue destruction produced by these three 
types of electrosurgery depends upon the 
amount of power used, the length of ap­
plication and size of the electrode, and the 
density and moisture of the tissue being 
healed.
Electrocautery uses a red-hot wire 
heated by low-voltage high-amperage cur­
rent produced by a step-down transformer 
with a variable resistor. Electrosurgical 
epilation is the removal of hair either by 
the use of a very light electrodesiccating 
current or by a low-voltage low-amperage 
direct current which produces a chemical 
ionization in the tissue.
The basic electrical circuits, the various 
types of electrosurgical units, the mecha­
nism by which these circuits produce their
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particular current, and the histologic 
effects that they produce are reviewed in 
detail.
I wish to thank Lieutenant Commander D. W. S. Cooke, Avionics Officer, Canadian Armed Forces, for his assistance in helping me understand the electrical circuitry, and the manu­facturers of electrosurgical equipment for provid­ing me with much technical and other informa­tion.
D e fin it io n s0
Alternating Current is a current that regu­larly reverses its direction of flow through the 
circuit. A practical advantage of this type of current is that transformers can step up or step down voltages of alternating current. A transformer cannot be used on a direct- current circuit.
Ammeter measures the number of electrons in motion and the average speed with which they move (i.e. amount of electricity).
Ampere is the unit of current. One ampere is defined as the flow of 6,250,000,000,000,- 000,000 electrons past a given point in one second. One ampere is the amount of current that will flow through a resistance of one ohm when subjected to a potential difference of one volt, i.e. E =  IR (volts =  amps X ohms).
Capacitor is a system of conductors and non-conductors which permits the storage of 
electrical charges =  a condenser.
Damped Oscillations (Fig. 3)—when the in­tensity of the voltage rapidly diminishes with each oscillation followed by a gap when there is no voltage, the cycle then being repeated. 
These are produced by a spark-gap apparatus. An oscillating high-frequency damped current produces heat and disruption of cells and is 
hemostatic.
Direct Current is a circuit in which the electrons always move in the same direction.
Electric Current is the directed mass move­ment of electrons.
Frequency describes the number of times the current changes direction in the circuit in one second (applies only to alternating cur­rent), e.g. 60 cycles per second (60 hertz). Current flows in one direction for 1/120 second, the other way 1/120 second (1 hertz 
=  1 cycle per second).
"These definitions are intended to help make this review intelligible to those not electronically in­clined. To accomplish this they have been simpli­fied and put in lay language. In so doing, some distortion of electronic fact and concept may have been introduced.
High-Frequency Alternating Current is an alternating current having a frequency of from 100,000 to 10,000,000 hertz (100 to 10,000 kilohertz) and it is alternating so rapidly that no sensation of electrical shock is felt when applied to the living tissue. These high-fre­quency alternating currents are sometimes called long-wave diathermy. This current is used mainly for surgical diathermy.
Inductance is the property of an electrical circuit by virtue of which a varying current induces an electromotive force in that circuit or in a neighbouring circuit.
Low-Frequency Alternating Current is an alternating current having a frequency of from five to 100,000 hertz; when applied to living tissue it produces nervous and muscular 
response (i.e. tetany).
Ohms are the units of resistance.
Radio or Vacuum Tube. In a vacuum a wire 
is heated by electricity and this hot wire (or filament) is the source of electrons (cathode). The electrons are attracted to a positive plate (anode); the rate of flow between the two is controlled by the grid. The grid is a coil of fine wire carrying a voltage. When the grid is negative, some of the free electrons coming from the cathode are repelled, and when positive they are attracted and fly through the 
grid to the anode.A vacuum is used for two reasons: (1) air 
molecules are so large that the electrons can­not get from the cathode to the anode unless most of the air has been removed and (2) the filament (metal) source of electrons would 
burn up in ordinary air.
Resonator is an electrical circuit consisting 
of a combination of capacitance and induc­tance which will oscillate at a given fre­quency =  a coil and a capacitor.
Short-Wave Diathermy is a high-frequency alternating current with frequencies of from 10,000,000 to 100,000,000 hertz or 10,000 to 100,000 kilohertz. This is also called an ultra­
high-frequency current.
Transformer is a static apparatus for trans­ferring alternating currents (usually increasing or decreasing) using the principle of mutual inductance between two coils of wire around an inner core.
Undamped Oscillations (Fig. 3)—when there is a regular pattern of oscillations with a con­stant voltage peak in each direction with no gaps. They are produced by a vacuum-tube apparatus. An oscillating high-frequency un­damped current produces clinically an effect almost entirely due to disruption of cells with very little heat. This results in a “cutting” current with little or no hemostasis.
October 1970 ELECTROSURGERY 361
R e f e r e n c e s
1. W a rd , G. E .: Electricity in medicine: electro­
surgery, Arner. J. Surg., 17: 86, 1932.
2. K o v a cs , R.: Electrotherapy and light therapy,
5th ed., Lea & Febiger, Philadelphia, 1945, 
p. 264.
3. K o v a cs ,  R.: Electrotherapy and light therapy,
5th ed., Lea & Febiger, Philadelphia, 1945, 
p. 579.
4. Otto , J. F., editor: Principles of minor
electrosurgery; authoritative treatise on 
fundamentals and techniques of minor 
electrosurgery as applied to office practice, 
with bibliographic data, The Liebel- 
Flarsheim Company, Cincinnati, 1957.
5. C ipo lla r o , A. C.: Electrolysis. In : Handbook
of physical medicine and rehabilitation; 
sections authorized for publication by the 
Council on Physical Medicine and" Re­
habilitation of the American Medical As­
sociation, The Blakiston Company, Phila­
delphia, 1950, p. 251.
6. M ackee , G. M. and C ipo lla ro , A. C.: Treat­
ment of skin diseases by physical methods 
other than radiation. In: Handbook of 
physical medicine and rehabilitation; sec­
tions authorized for publication by the 
Council on Physical Medicine and Re­
habilitation of the American Medical As­
sociation, The Blakiston Company, Phila­
delphia, 1950, p. 295.
7. Ay r es , S. and Ay r es , S.: Enclotherapy and
electrocoagulation. In: Skin surgery, 2nd 
ed., edited by E. Epstein, Lea & Febiger, 
Philadelphia, 1962, p. 189.
8. E p st e in , N. N.: Electrodesiccation and curet­
tage. In: Skin surgery, 2nd ed., edited by 
E. Epstein, Lea & Febiger, Philadelphia, 
1962, p. 209.
9. B urdick, K. H.: Electrosurgical apparatus and
their application in dermatology, Charles C 
Thomas Publisher, Springfield, 111., 1966.
10. E l l io t t , J. A.: Electrosurgery: its use in
dermatology, with review of its develop­
ment and technologic aspects, Arch. Derm. 
(Chicago), 9 4 : 340, 1966.
11. Birtcher Corporation: Symposium on electro­
desiccation and biactive coagulation, Los 
Angeles, 1967.
12. Cla rk , W. L., M organ, J. D. and A sn is,
E. J.: Electrothermic methods in treatment 
of neoDlasms and other lesions, with clini­
cal and histological observations, Radiology,
2 : 233, 1924.
13. M it c h e l l , J. P. and L u m b , G. N .: Principles
of surgical diathermy and its limitations, 
Brit. J. Surg., 5 0 : 314, 1962.
14. M it c h e l l , T. P. and L u m b , G. N., editors:
Handbook of surgical diathermy, John 
Wright & Sons Ltd., Bristol, 1966.
15. Orin ger , M. J.: Electrosurgery in dentistry,
W. B. Saunders Company, Philadelphia, 
1962.
16. J ohnson, H. A.: Hyfrecator: useful device
for conserving time in surgery: point of 
surgical technique, Blast. Reconstr. Surg., 
3 4 :  630, 1964.
17. R in g en berc , J. C.: New aid in treatment of
epistaxis, Laryngoscope, 73: 1493, 1963.
18. W it h e r s , B. T. et al.: Experimental and
clinical use of halothane ( Huothane): 
electrocoagulation hemostasis in tonsillo- 
adenoidectomy, Southern Med. ]., 59 : 713 
1966.
19. H a rris, P.: Surgical diathermy in neuro­
surgery. In: Handbook of surgical dia­
thermy, edited by J. P. Mitchell and G. N. 
Lumb, John Wright & Sons Ltd., Bristol, 
1966, p. 65.
20. S aunders, T. S.: Minimal scarring after
electrodesiccation, Arch. Derm. Syph. 
(Chicago), 45: 1165, 1942.
21. T aylor , K. W. and  D esm o n d , J .: Electrical
hazards in operating room, with special 
reference to electrosurgery, Canad. J. Surg., 
13: 362, 1970.
22 . L ic h ter , I ., B o r r ie , J . and M il l e r , W . M .:
Radio-frequency hazards with cardiac 
pacemakers, Brit. Med. J., 1: 1513, 1965.
23. F e in ,  R. L.: Transurethral electrocautery
procedures in patients with cardiac pace­
makers, J.A.M.A., 202 : 7, 1967.
R e s u m e
Les trois^  types d’electro-chirurgie les plus uti­
lises sont 1 electrodessiccation, l’electrocoagulation 
et 1 electrodissection. Ces methodes se basent sur 
la donnee qu’un courant altematif, d’une fre­
quence suffisamment haute pour empecher une 
reponse musculaire et nerveuse, peut passer a 
travers un tissu vivant sans autre effet que la 
production de chaleur. L ’electrodessiecation est 
produite par un appareil a pont d’eclatement que 
emet un courant isole, de haut voltage et de 
faible amperage que Ton transmet au patient a 
1 aide d une electrode active. Lorsqu’on utilise un 
voltage plus bas, un amperage plus fort et deux 
electrodes (une active, et une de dispersion) l’ap- 
pareil a pont d’eclatement produira un courant 
d electrocoagulation. Lorsqu’on utilise deux elec­
trodes (une active et une de dispersion) avec une 
machine ayant un tube a vide, on produit ce 
qu on appelle l’electrodissecfion. La quantite de 
tissu detruite par ces trois methodes d’electro- 
c ,V(ur^'e depend de la quantite de puissance 
utilisee, de la duree d’application et de la gran- 
deur de l’electrode, ainsi que de l’epaisseur et 
de Ihumidite du tissu que l’on traite.
L’electrocautherisation utilise un fil chauffe a 
vif par un courant de bas voltage et de fort 
amperage produit par un transformateur a palier 
et une resistance variable. L ’epilation electro- 
chirurgicale consiste a extirper le cheveu soit a 
1’aide d’un courant electrique deshydratant (elec­
trodessiccation), soit a 1’aide d’un courant direct 
de bas voltage et de faible amperage qui pro- 
voque ainsi une ionization chimique tissulaire.
Les circuits electriques de base, leurs different.? 
types d’appareillage electro-chirurgicaux, ]e me- 
canisme par lequel ces circuits produisent des 
courants bien determines, ainsi que les effets 
histologiques de ces courants sont traites en 
detail.
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ELECTRICAL HAZARDS IN THE OPERATING ROOM, WITH SPECIAL 
REFERENCE TO ELECTROSURGERY
K. W. TAYLOR, Ph.D * and J. DESMOND, M.B., B.S., F.R.C.P.[C],t Toronto, Ont.
During the past two or three years several 
workers have drawn attention to the 
hazards of electrical and electronic hospi­
tal equipment.1'4 This paper will review 
these hazards, their physical and physio­
logic basis, and methods used for their 
control. J  We shall pay particular attention 
to burns from electrosurgery, which are 
of special interest to the surgeon and have 
important medico-legal implications.
Burns from electrosurgery constitute the 
most common, obvious and painful injuries 
to patients resulting from electrical equip­
ment. This fact has often been overlooked 
because our attention has been directed to 
electric shock. Death from electrocution is 
rare; minor electric shock, though com­
mon, is relatively harmless. The incidence 
of ventricular fibrillation induced by small 
currents flowing through cardiac catheters 
is not yet established but can be elimi­
nated by simple measures. However, as 
long as electrosurgery continues to be used 
in the operating room, large amounts of 
electrical energy can be misdirected to 
produce unwanted burns.
A Rev iew  of E lectrical H azards
The various types of electrical hazards 
in the hospital are listed in Table I. Those 
working with electricity in the operating 
room should distinguish between these 
types because their effects and preventive 
measures differ.
Explosive Ignition and Fire
The serious hazard of explosion and fire 
has been much reduced by the replace­
ment of cyclopropane and ether by non-
"’Director, Department of Medical Engineering 
and Biophysics, Toronto General Hospital. Assis­
tant Professor, Department of Medical Biophysics, 
University of Toronto, Toronto, Ont.
tAssistant Professor, Department of Anesthesia, 
Toronto General Hospital and University of 
Toronto.
JFor definitions of terms used in this paper see 
Glossary p. 371.
combustible anesthetic agents. However, 
as the hazard has been reduced, our ad­
herence to safety codes5,6 has been re­
laxed. Thus, when explosive materials are 
used in the operating room, great care 
must be exercised; for example, materials 
used for cleaning and sterilizing may be 
flammable and demand the same care as 
anesthetics. It has been shown7,8 that con­
centrations of the anesthetic agents build 
up to explosive levels only near the pa­
tient’s head or, possibly, at floor level. We 
may, therefore, relax some of the older 
restrictions concerning construction mate­
rials, electrical power outlets and switches. 
However, the surgeon, anesthetist, and 
operating room (OR) staff must still remain 
vigilant when using explosive materials. 
The rare fires and explosions that still 
occur are due largely to careless handling 
of such materials. Electrosurgery should 
not be used in the presence of explosive 
anesthetics, especially cyclopropane, and 
flammable liquids should not be splashed 
over drapes or on floors.
Electrocution
In electrocution, heavy electric currents 
pass from external sources through the vic­
tim, and death is usually attributed to 
ventricular fibrillation. Hence, currents 
passing from the arms through the chest 
are particularly dangerous. The skin may 
be burned at the site of entry of the cur­
rent.
Electrocution is rare in North America 
because electrical power is supplied at 115 
volts. In Ontario each year there are about 
20 electrocutions; about one-half of these 
are the result of high voltages. In Ontario 
hospitals, electrocutions in the last five 
years could be counted on the fingers of 
one hand, and this is also the case in the 
United Kingdom.8, 9
When it does occur, electrocution is 
usually due either to poor maintenance ol 
electrical equipment or power supply, or 
to inferior equipment design. Inspection 
of OR equipment often shows damaged
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TABLE L— H azards F rom E l e c t r ic it y — T h e ir  E f fe c t s  and I n c id e n c e
Hazard Effect Incidence in the hospital Control
Explosive ignition and fire Lethal and incapacitating to all in OR
Now rare. Largely due to carelessness and negligence
Implementation of appropriate codes. Constant care and attention when using flammable materials
Electrocution Lethal Now very rare. Largely due to poor maintenance of equipment and power supplies, or poor equipment design
Proper maintenance of equipment and power supplies. Special care of line cords and plugs. Careful design of equipment and stricter codes for equipment used in hospitals. Isolation of patient from ground where possible
Shock: ' ' '
From electrical power supply
From static
Mostly demoralizing. May have damaging mechanical side effects
Fairly common
Very common except in OR
See “electrocution”
Use of materials which do not produce static. Maintenance of humidity
Fibrillation or arrest via intracardiac catheter
Dangerous but not necessarily lethal Unknown Current limiting circuitry to catheters and patient electrodes. Isolation of electrical equipment and of patient where possible
Burn:Electrosurgery
Defibrillation
Minor burn discomfort to severe burn demanding plastic surgeryUsually minor burn
Common 
Now uncommon
See Table III. Attention to multiple grounding of patient. Adequate knowledge of function and use of equipment Ungrounded defibrillator power supply. Cleanliness of paddles
Indirect hazard due to improper function of equipment
Incorrect information on state of patient or unsuccessful therapy
Difficult to assess but may be more common than is realized
Proper care, maintenance, testing and calibration of equipment. Adequate knowledge of function and use of equipment
Prolonged flow of small currents Physiologic and biochemical damage, burns
Unknown but certainly small at present
Current limitation for all electrodes and equipment attached to patient
plugs, sockets, switches, line cords and 
other items of equipment that do not meet existing safety codes, which are themselves 
in need of revision. Line cords and plugs 
in particular receive much abuse and are a common source of trouble.
Because electrocution usually occurs 
when current passes through the victim to 
ground, the patient should be isolated 
from ground. However, with currently 
available equipment this is frequently not 
possible. Preventive maintenance and care­ful design must be emphasized constantly.
Electric Shock
This painful stimulus caused by a flow of electricity is often accompanied by 
muscle contraction—either as a response to pain or from direct electrical stimulation. The current flows from a source of electri­cal power or from the discharge of static
electricity. Usually the shock does no more 
than alarm the victim, although muscle 
contraction may result in bruising or cause 
the victim to drop a piece of equipment. 
Because such shock is quite common, it is 
often not taken seriously. This is unwise, 
however, because an electric shock, no 
matter how mild, is a warning of danger. 
We can prevent shock as we can prevent electrocution, by proper design, mainte­
nance and inspection of all electrical 
equipment in use. Wherever possible, the 
patient should be isolated from ground. Careful choice of building and furnishing 
materials and adequate humidity prevents generation of static electricity.
Ventricular Fibrillation or Cardiac Arrest
Catheters placed in the heart may stimu­late the myocardium directly and thus in­duce fibrillation or arrest. Such stimuli
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may be mechanical, e.g. pressure of the 
catheter tip; chemical, e.g. irritating x-ray 
contrast material; or electrical, e.g. ex­
ternally generated currents Mowing down 
the catheter to the heart wall. The heart 
muscle is most sensitive to 60 cycles per 
second (cps) (power-line frequency) and in- 
Mnitesimal currents, such as may leak 
from electrical equipment, can cause fibril­
lation. Static electricity discharged through 
a catheter may also induce arrest by a 
single heavy shock during a sensitive phase 
of the cardiac cycle. Static electricity may 
be discharged when a charged person 
touches the external end of a catheter, 
particularly when it is being used for 
cardiac pacing and has metallic continuity 
with the heart.
Fibrillation and arrest due to intra­
cardiac catheters are rare and even more 
rarely fatal if treatment is immediately 
available. However, simple inexpensive 
electronic devices (“limiters”) are now 
available which limit severely any current 
that may Mow along a catheter, thus elimi­
nating the danger of 60-cps stimulation. 
The addition of these devices does not 
prevent static discharge, but if the surgeon 
will touch the patient’s skin before he 
touches the catheter, he will discharge the 
static harmlessly.
Finally, before manipulating a cardiac 
catheter, the patient should be removed 
from contact with all other electrical 
equipment, unless it has recently been 
checked for leakage currents which may 
follow devious pathways to reach the 
heart.1,2i 4 Inexpensive devices are avail­
able for measuring leakage currents. Of 
course one cannot remove the electro­
cardiogram (ECG) monitor, which there­
fore should be carefully and frequendy 
checked. Complete patient isolation from 
ground is desirable (see above) although 
not always possible.
Burns From Electrosurgery
During operation, patients may be 
burned in many ways.10 Injuries due to 
cleansing materials, friction, pressure, heat 
and allergic reactions may all be lumped 
together under the title “burn”, and it may 
sometimes be difficult to determine the 
precise cause. To these causes should be
added electrosurgery—cutting and cauteriz­
ing of tissue with high-frequency currents. 
These techniques deliver much electrical 
energy to the tissues, which, when ab­
sorbed at the wrong site, can produce 
deep burns which may even require plastic 
surgery. More commonly, however, super­
ficial burns are produced, which may be 
similar in appearance to burns produced 
by other causes.
Unfortunately, deep electrosurgical burns 
are frequent when compared with other 
electrical injuries. The common causes of 
such burns are multiple grounding of the 
patient, often by unexpected pathways, 
and the operator’s ignorance or careless­
ness.
Burns From Defibrillation
Because in older model defibrillators, 
one paddle was sometimes grounded, a 
grounded ECG electrode or any other 
ground attached to the patient was oc­
casionally the source of a severe burn 
during discharge. In more modern equip­
ment, power sources and paddles are well 
isolated from ground and hence such bums 
should no longer occur. However, the 
operator may still suffer a severe shock if 
the handles of the paddles become 
smeared with electrode jelly. This can be 
prevented by keeping handles clean at all 
times.
Electrical Equipment—Indirect Hazards
The effectiveness and safety of any 
equipment depend on thorough knowl­
edge of its function and effects as well as 
on proper care and maintenance. Without 
these, it is impossible to determine 
whether a diagnostic reading or a unit of 
treatment is correct. The operator is in dif­
ficulty when vital diagnostic equipment 
fails at a critical moment, or when a thera­
peutic tool does not work after the patient 
has been prepared. Such failures are more 
serious in electrical and electronic devices 
than with most equipment because the 
effects of electricity are unfamiliar to many 
users, including OR nurses. Specific in­
struction must be provided for key mem­
bers of the OR staff, including simple 
methods of testing the function and safety
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TABLE II - P h y s i o l o g i c  E f f e c t s  o f  E l e c t r i c  C u r r e n t s
Frequency C urrent Effect Result
60 cps about 100 pa.
about 1 ma. 
about 10 ma.
about 100 ma.
Possible fibrillation when passing 
directly through heart wall via 
catheter
Local nerve stimulation when 
passed through skin via small 
contact close to nerve ending 
Some stimulation of sensory nerves 
in the hand
Continuous stimulation of sensory 
and motor nerves and muscles
Continuous massive stimulation of 
muscles and nerves. Fibrillation. 
Local heating of tissues
Fibrillation and possible 
death
Nerve pain like 
pin prick 
Tingling feeling
Pain and muscle con­
traction. Electric shock. 
Unable to release grip 
Death from fibrillation, 
burns
I)C 100 yua. 
to
100 ma.
Increasing severity as for 60 cps 
but only single stimulation of 
nerves and muscles on first contact
Shock on contact. Able 
to release grip. Death 
less likely bu t burns just
— as likely
Above 100,000 cps 1 amp. No nerve or muscle stimulation. 
Intense tissue heating
Burns
Single pulsed 
discharges
10 ma. to 
10 amps
Increasing severity of single nerve 
and muscle stimulation
Shock. Cardiac arrest. 
Burn
of electrical equipment before use, and it 
is necessary to inculcate an appreciation of 
the frailties of such equipment and the 
degree of care that must be exercised.
Prolonged Flow of Small Currents
With present-day prolonged intensive 
care, electrical equipment may be attached 
to a patient and small currents may flow 
through electrodes for days or even weeks. 
These currents may cause burns or, less 
noticeable but equally undesirable, bio­
chemical changes in tissues. Those who 
c" ^ for such patients must be aware of 
this possibility.
P hysiologic  E ffects  of  E lectricity
Physiologic effects depend on the 
strength of current, the frequency of alter­
nation and the site of entry into the body 
(Table II). Current density (amps/cm.2) is 
also a factor; for example, on entering the 
skin 100 microamps (pa.) concentrated 
close to a nerve may feel like a pin prick 
while the same current spread out over the 
fingers is hardly felt. The effect of 100 Ma. 
flowing through an electrode-tipped cathe­
ter into the heart depends on the position 
of the tip. If it is against the heart wall, 
current density will be high and may 
stimulate the myocardium, but if it is away 
from the wall, the conducting blood de­
creases current density and greatly reduces 
the risk of stimulation.
Direct Currents
Nerves and muscles are stimulated by 
change of current flow. Direct steady cur­
rent stimulates nerves and muscles only 
when flow commences, for example, at first 
contact with a line carrying steady voltage. 
Muscle contraction from a single severe 
stimulus often throws the victim clear. 
However, an established steady current, 
which no longer provides a stimulus, may 
burn without warning.
60 cps Power-Line Frequency
A 60-cps current of sufficient strength 
continuously stimulates nerves and muscles. 
With the strength of the current, the effect 
varies from tingling in the fingers to a 
pricking sensation, and finally to con­
tinuous pain and violent muscle contrac­
tion. The pathway of the current deter­
mines which muscles will be involved. 
Often the victim cannot release his grip 
and current passing through the chest may 
induce ventricular fibrillation and death. 
Again, the density of current as it reaches 
the heart is crucial.
A current of 100 p.a. can cause sharp 
pain and withdrawal reaction. Equipment 
commonly leaks such a current to its out-
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side case which, on becoming ungrounded, 
may deliver an uncomfortable shock to the 
back of the hand or forearm of anyone 
who inadvertently touches it. The shock is 
not serious, but it may frighten a nurse 
and the withdrawal reaction may cause an 
accident.
Electrical Resistance of the Body
One hundred and fifteen volts, 60-cps 
power, causes few deaths because the re­
sistance of dry skin is high—up to 100,000 
ohms. However, that of moist skin is only 
10,000 ohms; of skin cleaned and smeared 
with electrode jelly, 1000 to 4000 ohms 
(depending on electrode size); and of the 
body immersed in conductive fluid, less 
than 1000 ohms. Ohm’s law indicates that 
a grounded person in contact with a 115- 
volt line will conduct a current of about 
1 ma. with dry skin, 10 ma. with moist 
skin, 25 to 100 ma. with electrode jelly and 
over 100 ma. when immersed. Comparing 
these figures with those in Table II, we can 
see that contact with a 115-volt power line 
usually produces only shock, but with elec­
trodes in place or with part of the body 
wet or immersed, the individual may be 
electrocuted—hence the increased danger 
from electrical equipment near water, for 
example in swimming baths or with soaked 
sterile drapes.
High-Frequency Currents
With frequencies above 100,000 cps, the 
current alternations are so rapid that neive 
and muscle are no longer stimulated and 
no shock is received. Because electrosur­
gery must deliver significant power to the 
tissues without shocking the patient, these 
devices generate voltages at about 1,000,- 
000 cps.
If there is no shock response, the sur­
geon, on applying high-frequency voltage 
has no indication of what currents are 
flowing to the patient, or where these cur­
rents are going. The absence of such warn­
ing often results in unexpected burns, the 
extent of which depends on total current, 
current density and the resistance en­
countered. Energy is absorbed only when 
there is resistance to current flow. Thus, a 
large current flowing to a large metal
electrode on the patient may produce no 
burn because of low resistance and low 
density. The same current passed through 
a small electrode, because of increased 
density, may heat the adjacent tissues, 
gently cooking the tissues and producing 
a slight swelling and rigidity. A much 
smaller current passing through a needle 
electrode may, because of high density, 
produce an intense local bum, which is 
the effect used for cutting and cauterizing. 
Finally, a current forced through a re­
sistant layer, such as may be formed when 
saline-soaked towels dry out, may gen­
erate enough heat to burn the skin—an 
effect aggravated by the concentrated 
saline.
Pulsed Discharges
The most common form is that of static 
discharges. The quantity of the charge is 
small and, although the instantaneous cur­
rent may be very high, the duration of 
flow is very short, less than a millisecond. 
The effect, a sharp shock from a single 
stimulus, is merely painful and frightening. 
However, static energy discharged through 
the myocardium via a catheter can pro­
duce cardiac arrest if the stimulus co­
incides with repolarization. Defibrillation 
and cardioversion make deliberate use of 
this effect, in which large stored charges 
discharged across the heart in milli­
seconds produce complete depolarization 
of the myocardium, which is usually fol­
lowed by a return to normal rhythm. Un­
less skin resistance is reduced by electrode 
jelly during this maneuver, superficial 
bums will result.
Prevention of Electrosurgical Burns
Because electrosurgical burns arise in 
certain characteristic situations, all operat­
ing room personnel should be familiar with 
these (Table III). Dohbie1’ in his excellent 
review has provided technical information 
on the design and function of generators; 
types of voltage waveform employed for 
cutting and coagulation; current, power 
and voltage outputs; and examples of the 
proper and improper use of electrosurgery 
as well as a reminder that not all bums 
are due to electrosurgical currents.
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TABLE II I .— S itua tion s  in  W hich  E l e c t r o su r u e r y  m ay  Cau se  A c c id e n t a l  B u rn s  
Situation Effect Remedy
Ground plate correctly sited but:
(1) Drying saline pad or towels
(2) Drying electrode jelly
(3) Patient contact with grounded 
table, clamps, conductive 
mattress, arm rests direct or 
through saline-soaked drapes
(4) ECG electrodes
(5) Broken ground lead
(6) Power accidentally applied to 
active electrode which is 
resting on drapes
Painful skin burn at plate 
varying in size and severity. 
Surgeon asks for more power 
As in (1)
Burns as in (1) at contact 
areas. Usually small
Deep local burn possibly 
requiring plastic surgery
Severe burns at any grounded 
contact possibly needing 
plastic surgery 
Deep local burn possibly 
needing plastic surgery
Use only for short operations and 
minimal use of electrosurgery
Use correct electrode jelly for long 
operations and extensive use of 
electrosurgery
Keep such contact away from 
operative site and ground plate. 
Avoid soaking drapes in saline if 
possible. Insulate with oiled silk 
where position creates hazard 
Keep electrodes away from site of 
operation and ground plate. Use 
ECG monitor with high impedance 
to high frequencies 
Careful inspection and maintenance. 
Use machines with ground alarm
Do not rest electrode on bare tissue. 
Avoid saline-soaked drapes. Use 
sound alarm to warn of activation of 
machine
Ground plate poorly sited:
(7) Thin bony patient
(8) Plate far from site of 
operation
(9) Plate far from site of operation, 
contact with grounded table, 
etc. as in (3) between sites of 
plate and operation
Skin burn, deep burn. 
Cooking effect with tissue 
swelling and rigidity 
Use of more power, greater 
danger of burns and other 
tissue heating 
As in (8)
Contact o f OR personnel with high voltage:
(10) Through capacitive leakage to Small skin burns 
OR table and other metal
objects
(11) By spark breakdown of gloves Small skin burns, side effects
from unexpected mechanical 
reaction
Apply ground plate where patient 
contact will be greater
Site plate as ck. s possible to area 
of operation; otherwise see (9)
Avoid soaking drapes in saline. If not 
possible insulate all ground contacts 
with oiled silk
Avoid contact when electrosurgery is 
in use
Use thick gloves or avoid contact 
with bare metal to which active 
electrode is applied. Use forceps with 
insulated handles
An electrosurgical unit usually has two 
leads, labelled “active” and “patient 
ground”. The active lead carries the high 
voltage from the generator (several thou­
sand volts in some cases). The patient 
ground is connected to ground inside the 
machine. An electrode attached to the 
active lead cuts or coagulates the tissues 
by means of the intense local heat pro­
duced by the high-density current. The 
current spreads out through the patient 
and returns to the ground lead via a 
ground plate with a large surface area.
Correct Use of the Ground Plate
For proper use of the ground plate, two 
factors are important—the site of the plate
and the manner of application. The plate 
in Fig. 1 is well placed—as close as pos­
sible to the operative site but at a point 
where soft tissue will provide a large area 
of contact. The buttocks or the thighs are 
satisfactory in operations from the feet to 
the chest. The further the ground plate is 
from the operative site, the more resist­
ance the current encounters, and the 
greater the total power the surgeon must 
use for effective electrosurgery. Under 
such circumstances the probability of un­
wanted bums is increased.
Once he has chosen the site, the surgeon 
can apply the ground plate in one of four 
ways:
(1) He can smear electrode jelly over 
the plate which is then pressed into con-
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Fig. 1.—Correct placement of the ground plate and the resultant current flow in the patient.
tact with the patient by the patient’s 
weight. For prolonged and extensive 
electrosurgery, this is the most satisfactory 
method. ECG jelly should not be used for 
this purpose, because it dries too quickly, 
producing a resistive layer; the heat gen­
erated when the current flows through the 
layer dries it even faster and may burn 
the patient. In prolonged operations, the 
condition of the plate should be checked 
every two hours.
(2) A saline-soaked pad or towel can be 
interposed between the plate and patient. 
This is still commonly used, and is satis­
factory for short operations. With pro­
longed use, however, the danger of drying 
becomes correspondingly greater.
(3) A large metal plate can be placed 
in contact with the patient’s skin. Although 
the skin may have a high resistance, the 
capacitor formed between patient and 
plate will permit large currents to flow to 
ground. Even so, the surgeon usually finds 
it necessary to use more power and the 
danger of burns is greater. Burns may 
occur under the plate if the area of con­
tact is too small (this area may decrease 
during the operation if the patient moves), 
or if saline or sweat between skin and 
plate dries out. This method is suitable for 
minor electrosurgery, even during pro­
longed operations.
(4) If the ground plate has a layer of 
insulation, saline and sweat will no longer 
cause severe burns. Such electrodes are 
available. However, with these, effective 
electrosurgery requires increased power 
thus increasing the chance of burns at 
other ground contacts.
If the surgeon notices that the effective­
ness of electrosurgery at a given power 
setting has decreased, he should suspect 
the electrode contact and check it before 
further use. To maintain blood supply and 
take advantage of its cooling effect, he 
must avoid excessive pressure between the 
plate and patient. Bent or twisted plates 
provide only small areas of contact; in this 
respect, the newer flexible, disposable 
paper-backed aluminum plates are recom­
mended. The smallest should be six inches 
square and the greater the strength and 
duration of the electrosurgery, the larger 
the plate should be.
Although the surgeon usually delegates 
this responsibility to others, he should see 
that, before the operation starts, the 
ground plate has been properly applied as 
close to the operation area as possible. He 
should also make certain that there is 
electrical continuity between the machine 
and the patient ground plate. In most new 
machines, this is monitored by an elec­
tronic circuit which sounds an alarm if the
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ground lead is broken. Even without this, 
however, simple inexpensive meters are 
available which will perform the same 
function. Broken ground leads are common 
and greatly increase the risk of burn.
Unwanted, Grounding
Most OR equipment is grounded, in­
cluding the table. At electrosurgical fre­
quencies, complete isolation is impossible 
because of capacitive leakage of current.9 
Furthermore, to avoid static charges, all 
non-metallic materials are fabricated so as 
to conduct current. In addition to the 
ground plate, the patient may have several 
other ground contacts—at the mattress, 
head rest, arm rest, etc. Electrosurgical 
current may return to the machine by any 
of these pathways, but will take either the 
shortest pathway from the operative site 
or that of least resistance.
If these contacts are close to the ground 
plate or operative area, current will flow 
through them and, if they are small and 
offer some resistance, the patient may be 
burned. Grounded contacts of this type 
should be avoided. Even if the contacts 
are remote from the site of operation, 
burns may be produced if the proper
ground lead breaks or the plate contact 
deteriorates, because the current now 
takes a longer path to the contacts offering 
lower resistance. A layer of insulating 
material such as oiled silk, placed between 
the area of contact and the patient, may 
afford considerable protection against such 
bums.
Poor Siting of Ground Plate
The danger of unwanted grounding is 
greatly enhanced when, for any reason, 
the ground plate is placed far from the 
operative area as in neurosurgery (Fig. 2). 
Because of the increased resistance pre­
sented by the long current path in the 
body, higher power must be used and the 
current will take a shorter path to the un­
wanted ground. Such burns may be severe, 
and can be prevented only by totally in­
sulating the patient, as described above.
Accidental Excitation of Electrode
It is common practice to rest the active 
electrode on the drapes covering the pa­
tient. Should the machine now be acti­
vated by accidental pressure on the foot 
switch, a severe burn may occur from the 
active electrode, especially if the drapes
CURRENT
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are wet with saline. Many electrosurgical 
machines do not provide any audible 
warning that they are active. Such a warn­
ing device may be easily installed by 
manufacturers, but in its absence the sur­
geon should beware of leaving the active 
electrode where it may do serious damage.
ECG Electrodes
With older ECG monitors, a ground 
electrode had to be applied and, if posi­
tioned wrongly or if the ground plate con­
tact was poor, the patient could be burned 
at the site of the ECG electrode—another 
unwanted ground (Fig. 3). Modern ECG 
monitors function well without a ground 
electrode. Nevertheless, between the ECG 
leads and ground, the monitor may have a 
capacitor which provides a path to ground 
at electrosurgical frequencies. Thus, the 
ECG electrodes should still be placed 
away from the operative area and the 
ground plate, because severe deep burns 
may still occur as a result of high current 
density at the small electrodes. Newer 
ECG monitors, which present a high im­
pedance to electrosurgical frequencies, 
should be used whenever possible.
Burns to Personnel
Current leaking through stray capaci­
tors to ungrounded metal objects may
burn a surgeon or nurse who, while 
grounded, inadvertently brushes against 
the object. However, in the operating room 
where almost everything is grounded, this 
is rare.
More commonly the surgeon or his as­
sistant are burned through their gloves 
when they hold clips or forceps while co­
agulating. The high voltage on the active 
electrode (up to 6000 volts) may burn 
through the insulation of the glove pro­
ducing a small hole and causing burns of 
the hand or fingers. Thick resterilizable 
gloves usually withstand the voltage, but 
thin disposable gloves may break down 
easily.
Care of Equipment
Equipment must be well maintained if 
it is to function properly and safely. Con­
tainers of electrode jelly or saline should 
not be placed on top of the machine. The 
jelly will melt with the heat and will run 
down inside the machine if spilled. These 
practices are unfortunately common and, 
in view of the high voltages in these 
machines, are also highly dangerous. Be­
cause the cords and outlets of these 
machines are subjected to a great deal of 
handling, they must be carefully inspected 
and replaced as soon as damage appears.
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Summary
Electrical hazards in the operating room 
have been placed in proper perspective. 
Although electrocution is rare and shock 
is usually harmless, vigilance should not 
he relaxed. With good equipment design, 
and with care in use and maintenance of 
electrical equipment, shock should dis­
appear. With catheters in the heart, one 
should be prepared to recognize and treat 
ventricular fibrillation and cardiac arrest. 
Whenever necessary, existing techniques 
for current limitation should he adopted.
Finally, as a result of increased knowl­
edge of the hazards of electrosurgery, the 
incidence of painful eleetrosurgical burns 
can be greatly decreased.
o o #
Glossary
For a thorough understanding of electrical 
hazards some knowledge of the physics of 
electricity and its terminology is required.
What is Electricity?
Matter is constructed from atoms (Fig. 4) 
with positively charged cores (A), or nuclei, 
surrounded by negative electrons (B). The 
positive and negative charges normally 
balance to give a neutral atom. In a solid, the 
atoms are fixed in a lattice configuration 
(Fig. 4) and in an insulator all the electrons
Applied Voltage ++
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Fig. 4.—The atomic structure of a solid and the 
conducting electron.
are also fixed. But in a metal or other con­
ductor, some electrons (C) can move freely 
under the push and pull of an electric force 
(voltage). In a conductive fluid, atoms charged 
through loss or gain of an electron (ions) may 
also move freely. An electric current consists 
of a flow of electrons or ions in any material 
when an electrical force is applied from a 
battery or generator.
Some Useful Units
The unit of electrical current is the ampere 
(amp.). The unit of electrical force or pressure 
is the volt. A flashlight battery, which pro­
duces an electrical pressure of 1.5 volts, will 
force a current of about 0.3 amp. through the 
bulb. The current is limited by the resistance 
of the bulb filament. When charged particles 
flow in any material, they collide with other 
particles, which are not moving, causing them 
to vibrate and losing energy to them. The 
material resists the flow and soon all the 
particles in the material are vibrating—it be­
comes hot, i.e. the bulb filament glows 
brightly from the energy given to its atoms.
The unit of resistance is the ohm. Ohm’s 
law states that current (amps) =  electrical 
pressure (volts)/resistance (ohms). The rate of 
energy production, or power, measured in 
watts is the product of pressure (volts) and 
current (amps). Thus, the flashlight bulb is 
heated by a power of 0.45 watt (1.5 volts X 
0.3 amp.). An electric kettle plugged into an 
outlet giving a pressure of 100 volts conducts 
a current of 15 amps and absorbs a power of 
1500 watts, which boils two pints of water 
in about five minutes. The kettle element 
reaches red heat in a few seconds.
An electrosurgery machine can deliver 1 
amp. at a pressure of 500 volts when we 
place a 500-ohm resistance across its elec­
trodes, i.e. roughly that of the human body. 
The machine therefore delivers 500 watts of 
power which, if it goes astray, can cause 
serious injury.
Generation of Electrical Power
Electrical power is usually generated with 
continuous reversal of the direction of electri­
cal pressure. Voltage and current thus alter­
nate (AC). The pressure in the line first 
pushes then pulls electrons. They move to 
and fro but still generate heat in any resis­
tance they meet, even though their progress 
is nil. We then quote in cycles per second 
(cps) the frequency at which the complete 
cycle of positive and negative pressure occurs. 
The usual wall outlet provides an average
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Fig. 5.—Grounded and isolated power supplies.
electrical pressure of 115 volts, alternating 
positively and negatively at 60 cps (Fig. 5A). 
An electrosurgery machine usually generates 
a frequency of 250,000 to 2,000,000 cps.
Usually we connect one side of the genera­
tor physically to the ground. The line from 
the grounded side is the neutral line and that 
from the other side of the generator, which 
carries the alternating electric pressure, is the 
live line. Both lines carry current when a low 
resistance (L) is connected between them. A 
ground wire from the third pin in the outlet 
socket is connected directly to ground close 
to the socket. When connected to the outside 
case of the equipment, this wire protects 
against currents that would otherwise flow 
from the live line through leakage paths to 
anyone who is grounded and who touches the 
outside case. With large leakage currents, a 
shock may result. With poorly maintained 
equipment and power lines, the ground con­
nection may break. Such a break may be un­
detected and create an unsuspected hazard. 
Inspection of hospital equipment and power 
lines often shows broken ground connections.
Isolated Tower Supplies
The problem of leakage currents and 
broken ground connections is often ap­
proached by isolating both current-carrying
power lines from ground by interposing an 
isolation transformer between the generator 
and the outlet (Fig. 5B). A person who is 
grounded may then touch either line without 
causing current to flow. Unfortunately, isolated 
power supplies always leak current from power 
lines to ground—these currents may give either 
a mild shock or induce fibrillation through a 
catheter. Furthermore, because much equip­
ment now used in operating rooms leaks larger 
currents to ground, the isolated power supply 
is rendered ineffective. When too large a cur­
rent leaks to ground, an alarm sounds. How­
ever, this alarm is frequently either ignored 
or turned off by personnel who may not realize 
its significance. Eventually the alarm fails and 
frequently is not repaired. Protection afforded 
by isolated power supplies cannot be trusted 
unless they are carefully used and maintained.
Capacitors
If current is to flow continuously (DC) from 
a generator of constant voltage, a continuous 
conductive pathway must exist across the two 
lines (Fig. 5A). If this pathway (circuit) is 
broken, current flow stops. This is not always 
true, however, if alternating voltage is being 
generated.
The circuit (Fig. 6) contains a battery (A), a 
switch (B) and two large metal plates (C),
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Fig. 6.—A simple circuit explaining the func­
tion of a capacitor. The battery A charges the 
capacitor C through a brief flow of current.
placed in apposition, i.e. a capacitor. Before 
the switch is closed (Fig. 6b), voltage gen­
erated by the battery appears between 
the metal plates. To obtain this voltage, posi­
tive and negative charges must appear oppo­
site each other on the metal plates and, to 
achieve this, electrons flow out of one plate 
and into the other. This flow is brief and stops 
once the plates are charged. By opening the 
switch and connecting the plates (Fig. 6c), 
they are discharged again and once more 
brief current flows.
When an alternating voltage is applied to 
the plates, electrons travel to and fro, charg­
ing and discharging the plates in alternate 
directions. Thus, although no continuous con­
ductive pathway exists, a continuous current 
alternates in the circuit.
Two conductive surfaces placed in apposi­
tion often create a capacitor in unexpected 
and inconvenient places—a “stray capacitor”. 
For example, electronic-circuit wiring and the 
metal chassis on which it is mounted form a 
capacitor and alternating current will leak to 
the chassis. A conductive patient together 
with the metal operating table, separated by 
an insulating sterile drape, also constitutes a 
capacitor, and when the electrosurgical unit 
generating high frequencies is in use, current 
will leak to the table. Usually these leaks flow 
harmlessly to ground, but if they take un­
grounded pathways to the patient, they may 
flow to ground through the patient producing 
burns, shock or ventricular fibrillation.
The faster the voltage alternates, the more 
often electrons travel to and from the capaci­
tor and the greater is the average current 
flow; furthermore, the larger and closer the 
conductive surfaces, the greater the number 
of electrons charging the plates and the larger
the current flow. At frequencies of one million 
cps, large currents can flow in a circuit that 
includes a capacitor and it is therefore not 
always necessary to have good conducting 
contact between ground plate and patient. The 
capacitor between them may be sufficient if 
the area of the ground plate is large and is 
very close to the patient.
It should be noted that there is no resis­
tance to the current flow in and out of the 
capacitor plate and no energy is therefore ab­
sorbed by the capacitor, which does not heat 
up.
Static
Removal or addition of electrons to the sur­
face of any object isolated from ground may 
produce “static”—an imbalance of electrical 
charges. When the object comes into contact 
with something that does not have this im­
balance, the charge is shared or, if grounded, 
is discharged. Large static imbalances may 
produce high voltages and a spark on contact 
which may ignite explosive vapours. Large 
currents will flow at discharge and may de­
liver painful shocks. Anyone walking across a 
synthetic fibre carpet can generate several 
thousand volts on the surface of the body and, 
on touching grounded metal, may produce a 
spark 2 mm. long. A current of 1 amp. then 
passes briefly through the hand.
This glossary provides background for a 
better understanding of electricity and electri­
cal equipment. It must be complemented by a 
careful study of all manuals, instruction book­
lets, etc. provided by manufacturers. The 
procedures they recommend must be followed 
very carefully. The hazards of electricity will 
never be completely eliminated by equipment 
design, and the safety of patient, surgeon and 
OR staff will continue to rest in the hands of 
the enlightened user of electrical equipment.
Re f e r e n c e s
1. H o pps, J. A.: Electric shock hazard in hospi­
tals, Canad. Med. Ass. J., 98: 1002, 1968.
2. B run er , J. M.: Hazards of electrical appara­
tus, Anesthesiology, 28: 396, 1967.
3. Canada. Department of National Health and
Welfare, Health Facilities Design Division:
Digest of symposium on control of hazards
in hospitals, September 19, 1967, Ottawa,
1968.
4. W a l te r , C. W.: Safe electric environment in
hospital, Bull. Amer. Coll. Surg., 54 : 177,
1969.
5. Canadian Standards Association: Code Z32;
code for use of flammable anaesthetics
(safe practice for hospital operating rooms),
Ottawa, 1963.
374 THE CANADIAN JOURNAL OF SURGERY Vol. 13
6. National Fire Protection Association, Hospital
Committee: Code 56; code for use of 
flammable anesthetics, Boston, 1965.
7. C o st e , J. H. and C h a plin , C . A.: Investiga­
tion into risks of fire or explosion in op­
erating theatres, Brit. J. Anaesth., 14: 115, 
1937.
8. D o b b ie , A. K .: Personal communication, 1969.
9. D o b b ie , A. K.: Electrical aspects of surgical
diathermy, Bio-Med. Engng., 4: 206, 1969. 
10. L o w er y , M. and D o b b ie , K.: Suspected dia­
thermy burns, NAT News, 5: 17, Winter, 
1968.
R e su m e
L’attention des specialistes a ete attiree durant 
les deux ou trois demieres annees sur les dangers 
des anpareils electriques et electroniques utilises 
dans les hopitaux. Le present article les passe en 
revue, a la lumiere des donnees physiques  ^et phy- 
siologiques, indique les methodes employees pour
y faire face, principalement dans la salle d opera­
tion. L’article traite notamment des brulures 
provoquees par Pelectrochirurgie qui interessent 
le chirurgien au premier chef et qui peuvent 
avoir des consequences importantes sur le plan 
medico-legal.
Ce sont les brulures par des appareils electro- 
chirurgicaux qui occupent la premiere place dans 
la liste des blessures douloureuses. Ce fait avait 
ete quelque peu neglige jusqu’ici, parce qu’on 
craignait davantage le choc electrique. Or, la 
mort par electrocution est extremement rare et 
les chocs mineurs, quoique plus frequents, sont 
relativement inoffensifs. La frequence des cas de 
fibrillation ventriculaire, provoquee par les cou- 
rants de faible intensity qui circulent dans des 
sondes cardiaques n’a pas ete etablie, mais c est 
un risque qui peut etre evite tres simplement. 11 
n’empeche que, tant qu’on aura aussi largernent 
recours a l’electrochirurgie dans la salle ^’opera­
tion, il faudra songer que la fee electricite risque, 
malgre ses bienfaits, de causer des brulures 
douloureuses et du reste evitables.
HEPATITIS AFTER HALOTHANE
In the summary of the National Halothane 
Study published in 1966, a review of 856,500 
general anesthetics involving 16,850 deaths 
was reported, but it failed either to implicate 
or exonerate halothane as a cause of toxic 
hepatic injury. A more recent report of the 
Fulminant Hepatic Failure Surveillance Cen­
ter implicates halothane administration in a 
quarter of the patients reported to have ful­
minant hepatic failure. The current study re­
ports clinical and histologic data from 42 pa­
tients in whom a hepatic reaction occurred 
after halothane anesthesia.
Hepatitis after administration of halothane 
occurred after various operations. No specific 
operation appeared to increase the risk of 
hepatitis, but multiple halothane exposures 
seemed to increase the mortality rate if post­
operative hepatitis developed. Although ma­
laise, anorexia, and non-specific gastrointesti­
nal complaints, including right upper 
quadrant pain, were frequently seen, the 
major clinical signs were fever and jaundice. 
Fever, sometimes septic but always persistent 
or recurrent, occurred in 37 of 42 patients. 
Its onset was from the eighth to the four­
teenth day in patients with a single halothane 
exposure, but sooner in patients with multiple 
exposures. Jaundice occurred in 40 of 42 pa­
tients with onset on the tenth to twenty- 
eighth day after single exposure, but as early 
as the third day after multiple exposures.
Serum bilirubin ranged from 1.5 to 35 mg./ 
100 ml., most of which was direct reading. 
Splenomegaly and hepatomegaly were not 
noted. An absolute eosinophilia was noted in 
nine of 19 patients in whom it was sought.
Light microscopic studies suggested viral 
hepatitis, although findings associated with 
toxic hepatitis, such as steatosis, central 
necrosis, and leukocytic infiltration into the 
lobular parenchyma were also seen. Electron 
microscopy of liver specimens from two pa­
tients demonstrated abnormalities not seen 
with viral hepatitis; these included segmental 
loss of the outer layer of the monochondrial 
membrane and infolding of the inner layer. 
An increase in the smooth endoplasmic reti­
culum was also noted. Immunologic studies 
demonstrated circulating antimitochondrial 
antibodies in a serum dilution of 1:10 in six 
patients.
The authors conclude by stating that a 
single administration of halothane should not 
be discouraged because of the danger of an 
uncommon adverse hepatic reaction. However, 
a second or third anesthetic with halothane 
requires careful evaluation of risk, and in all 
patients the recognition of even the mildest 
form of halothane-induced hepatitis is an ab­
solute contraindication to further exposure to 
halothane.—Klion, F. M., Schaffner, F. and 
Popper, H.: Hepatitis after exposure to halo­
thane, Ann. Intern. Med., 71: 467, 1969.
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ALVEOLAR CELL CARCINOMA OF THE LUNG*
NICHOLAS D. COLAPINTO, M.D. and G. H. C. JOYNT, M.D., F.R.C.S.[C], F.A.C.S.,
Toronto, Ont.
M uch controversy surrounds alveolar cell 
carcinoma of the lung. There is lack of 
agreement even as to the most suitable 
name for the disease (Liebow1 has listed 
36 synonyms), but the two terms now in 
common use are “alveolar cell carcinoma” 
and “bronchiolar carcinoma”. In the past, 
the nature of the dispute was largely aca­
demic because of the poor prognosis of 
patients with alveolar cell carcinoma. 
However, the encouraging results of 
modern surgical therapy make it impera­
tive that present vague impressions of the 
disease be replaced by precise concepts 
that have practical value. We review here­
in both the accepted facts and the conten­
tious aspects of alveolar cell carcinoma in 
an attempt to provide a concise statement 
of points that are not easily gleaned from 
the current literature. An interesting case 
report is cited as background for the dis­cussion.
C ase Report
Mrs. E.F., a 60-year-old woman, presented at the Toronto Western Hospital in December 1967 with a chief complaint of chronic cough of six months’ duration. She had been a cigarette smoker early in her life but had not smoked for 20 years before admission. She 
had undergone a left salpingo-oophorectomy in 1950 for an unspecified benign disease. On physical examination her chest was clear and 
the abdominal and pelvic examination re­vealed no abnormalities. Her hemoglobin was 
12.8 g./lOO ml., leukocyte count was 9000/ c.mm., and the sedimentation rate was 67 mm. in one hour. The tuberculin skin test was posi­
tive to 1:10,000 dilution and the histoplasmin 
test was negative. Sputum cultures for bac­teria and fungi were negative and sputum cytology on numerous occasions showed no malignant cells. A barium enema and an upper gastrointestinal series showed no abnor­malities. Her chest film revealed an area of increased density in the left lower lobe sug-
0 From the Department of Surgery, University of 
Toronto, Toronto, Ont.
Reprint requests: Dr. N. D. Colapinto, St.
Michael’s Hospital, 30 Bond Street, Toronto, Ont.
Fig. 1.—Chest radiograph on first admission 
(December 1967) showing consolidation of the left 
lower lobe and fine reticular infiltration through­
out both lung fields.
gesting consolidation, while the remainder of both lungs showed fine reticular infiltrations
(Fig. 1).
Since the diagnosis remained uncertain, we performed an open biopsy of the lingula. Histologically, the tissue obtained showed foci of carcinoma characterized by small acinar 
and duct-like structures containing mucus. The provisional pathological diagnosis was “diffuse metastatic carcinoma of the lung with ovaiy as the probable primary”. We started the pa­tient on chemotherapy (5-fluorouracil) before her discharge from hospital.
In April 1968 the patient was readmitted complaining of increasing cough. She had lost 6 lbs. since her previous admission. Sputum production remained minimal although cyto­logic examination now revealed malignant cells of undifferentiated large cell type. The chest roentgenogram showed an increase in the confluent density in the left lung with distinct nodularity now evident throughout both lung fields (Fig. 2). She received a further course of 5-fluorouracil as well as local irradiation to the left lung. The patient re­turned to hospital in September 1968 because of weakness, shortness of breath, and pain in
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Fig. 2.—Chest film on second admission (April 
1968) showing a massive left pleural effusion. 
Distinct nodulation is now evident throughout the 
right lung field.
the left chest. She had typical signs of a mas­
sive left pleural effusion which, when aspi­
rated, yielded a clear, straw-coloured fluid 
containing malignant cells arranged in definite 
acinar structures. Nitrogen mustard was in­
stilled into the pleural cavity at the time of 
thoracentesis. Soon after discharge to a 
chronic care hospital, the patient developed a 
high fever, became comatose and died on 
December 22, 1968.
Fig. 3.—Cut surface of the right lung showing 
confluent nodules of tumour almost entirely re­
placing the lung parenchyma.
At autopsy the entire left lung was infil­
trated by tumour which had constricted the 
left main bronchus. Both lungs were studded 
with whitish and reddish nodules which had 
almost completely replaced the lung paren­
chyma (Fig. 3). The mediastinum and left 
diaphragm were extensively infiltrated and 
metastases were present in both adrenals and 
in the left cerebral cortex. In all other organs, 
including the right ovary, roe found no evi­
dence of malignancy. Microscopy demonstrat­
ed endobronchial as well as endoalveolar 
growth and marked mucus production. The 
alveolar septa were lined by distinctive tall 
columnar epithelial cells. In some areas these 
cells projected into the alveolar spaces in a 
papillary manner and virtually filled the 
alveoli (Figs. 4-6).
Cardinal Features
A major factor responsible for both 
delay in diagnosis of alveolar cell carci­
noma and variations in reported incidence 
is the lack of a single accurate definition of 
the disease. The description presented in 
the “Atlas of Tumor Pathology”1 is most 
frequently quoted. Knudson et al.2 pointed 
out that preservation of the normal pul­
monary architecture is the cardinal histo­
logic feature that differentiates alveolar 
cell carcinoma from secondary adeno­
carcinoma, but Hewer3 demonstrated that 
metastatic adenocarcinoma of the lung, 
although usually invasive, may also line 
alveolar septa. A modified definition that, 
in our opinion, best encompasses all cri­
teria which must be met to make the diag­
nosis of alveolar cell carcinoma is as 
follows: a  neoplasm  characterized  by
alveoli lined by epithelial cells o f  a 
colum nar or cu boidal type w ith eosino­
philic cytoplasm  an d basally p laced  nuclei 
showing at least som e tendency tow ards 
papillary form ation  in a patient in ivhom  
there is no dem onstrable intrinsic tumour 
o f a bronchus and no ev idence o f a primary 
carcinom a elsew here.
Grossly the tumour consistently arises in 
the lung periphery, usually as a solitary 
tumour, but it may present as discrete 
multiple lesions varying from 1 mm. to 
several centimetres in diameter. These 
nodules may coalesce producing a large 
area of consolidation which may eventually 
involve the entire lung. The cut surface 
may glisten with mucus. There may be an
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Fig. 4.—Panoramic view showing the well-circumscribed tumour nodule with adjacent normal 
lung at the right (H & E X 25).
Fig. 5.—Section showing the structural and cellular detail of the tumour (H & E X 100).
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Fig. 6.—Distinctive tall columnar cells line the alveolar septal walls and project in a papillary 
fashion into the alveolar spaces. Marked mucus production is also evident (H & E X 400).
associated pleural effusion which is usually 
serosanguineous.
The typical microscopic picture is of 
alveoli lined by high cuboidal or columnar 
epithelial cells with eosinophilic cytoplasm 
and basally placed nuclei arranged in 
a papillary pattern. The cells are almost 
invariably non-ciliated and usually produce 
mucus. Although usually well differenti­
ated, the tumour may occasionally demon­
strate anaplasia.
In alveolar cell carcinoma, metastases 
are present in approximately 50% of cases 
at autopsy. The most frequent sites are the 
ipsilateral lung and the contralateral lung, 
and the hilar nodes. Distant spread is to 
the liver, abdominal lymph nodes, bone, 
adrenals and brain.
The natural history is one of slow and 
relentless progression with few symptoms 
in the early stages, but with the eventual 
development of overwhelming pulmonary 
involvement. Death may occur early, but 
a protracted course is more common with 
patients surviving for as long as 15 years 
after diagnosis.
In order of frequency, the commonest 
symptoms are: cough, production of
mucoid sputum, dyspnea, chest pain, 
weight loss, hemoptysis, weakness, recur­
rent fever and anorexia. Sputum may vary 
in amount from none to several quarts 
daily. Approximately 5% to 10% of all 
patients reported were asymptomatic when 
the tumour was discovered on routine 
chest roentgenogram. The non-specific 
nature of the symptoms and the absence 
of abnormal physical findings in the early 
stages of the disease are responsible for 
the high frequency of belated diagnosis.
Microscopic examination of the sputum 
is probably the most useful method of pre­
operative diagnosis.2,4 The tumour cells 
are loosely attached, often lying free in the 
alveolar spaces, and thus are usually easy 
to obtain. Because the lesion is peripheral, 
bronchoscopy is of limited value except to 
rule out other lesions. The poor response 
of the tumour to radiation and cytotoxic 
agents and its tendency to remain localized 
in the early stages make surgical resection 
the treatment of choice.
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C ontroversial A spects 
Etiology
It has been suggested5 7 that the tumour arises from pre-existing inflammatory and proliferative lung lesions such as bacterial 
and viral pneumonias. Beaver and Shapiro5 
found microscopic evidence of previous pulmonary disease in 84% of 121 patients 
with alveolar cell carcinoma. Spain8 re­
ported 12 patients in whom there was an 
association with diffuse or focal fibrosis. 
Hewlett et al.1 found positive microscopic evidence of underlying lung disease in 
of .39 patients. These authors postu­late that the altered epithelium in these 
patients may be more susceptible to spe­
cific carcinogenic agents which lead to alveolar cell carcinoma.
It is also felt that a virus actually initiates this cancer. A known viral disease 
of sheep, jagziekte, has long been recog­
nized as clinically and histologically simi­lar to alveolar cell carcinoma. However, 
there is no evidence that alveolar cell car­cinoma in man is an infectious disease. So 
far, no one has demonstrated that any 
chemical irritants, including cigarette smoke, are etiologically related.
Cell of Origin
The precise histogenesis is unknown and 
controversy persists as to whether alveolar cell carcinoma arises from alveolar lining 
cells or from basal cells of the terminal 
bronchiolar epithelium. Because the 
tumour cells resemble bronchiolar cells 
and appear to extend from the terminal 
bronchioles towards the alveoli, the 
bronchiolar epithelium is the probable site of origin.
Origin-Multicentric or Unicentric
Many believe that the tumour is multi­centric from its inception but most avail­
able evidence suggests that it arises in a single site and spreads throughout the lungs by means of the air passages.710 The 
frequent observation of clusters of free tumour cells lying in normal alveoli at 
some distance from the tumour supports this view. The appearance of new lesions following local pulmonary resection should 
not be considered as evidence of multi­
centricity. These “recurrences” probably 
indicate that micrometastases were present, although not grossly evident, at the time of operation and became manifest some time after the primary was excised.
Radiographic Fhidings
Autopsy specimens usually show exten­sive nodulation of both lungs. This, of 
course, represents their appearance at the 
time of death. Radiologists have tradition­
ally divided the radiographic picture into 
two types, diffuse and nodular, but both of 
these represent late stages of the disease 
and are, therefore, of little practical value. 
What is important is that the commonest early radiologic finding is a solitary pul­
monary noduleA 10 The surgeon must 
recognize this fact if he is to affect prog­nosis. (These points will be elaborated 
upon in the discussion which follows.)
Benign Versus Malignant Forms
Because alveolar cell carcinoma is usually an indolent tumour which meta­
stasizes late, some of these lesions have 
been classified as benign. But, although growth is slow, the course of every true 
alveolar cell carcinoma is gradual progres­sion towards inevitable death and thus 
should always be considered malignant. 
Hence, the term “pulmonary adenoma­
tosis”, with its connotation of benignity, should be discarded.
Operative Treatment
In patients who have a solitary nodule, 
or involvement confined to one lung, or 
one or two lobes, conservative operation is indicated. In deciding on operability, as 
with other lung malignancy, the extent of 
necessary resection must be balanced 
against the patient’s pulmonary reserve. 
Because approximately 50% of patients are free of metastases a t  the time of death, 
pulmonary resection is obviously justified if there is no evidence of distant spread at the time of operation. If positive lymph nodes are found at operation, the tumour 
is usually considered unresectable, al­though some surgeons advocate a radical mediastinal node dissection in selected patients.
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D iscu ssio n
Malassez,11 in 1876, first described the tumour now known as bronchiolar or alveolar cell carcinoma. Only 25 cases 
were reported before 1935, but since that 
time several hundred have appeared in the literature. Storey, Knudtson and Lawrence8 
in 1953 analyzed 205 collected cases in­cluding 39 of their own. In 1961 Fitz­
patrick et al.12 collected 33 such tumours, of which 14 had been resected. In 1962 
Belgrad, Good and Woolner at the Mayo 
Clinic13 collected 28 operative cases, and in 1964 Hewlett et al: described 39 pa­
tients of whom 28 had undergone opera­tion. Wellington and Lynn14 reported four 
eases in 1962 and Quinlan, Schaffner and 
Hiltz15 reported six cases in 1966.
The reported incidence of alveolar cell 
carcinoma ranges from 0.4% to 5% of all primary lung malignancies.2- 8- 16 This wide 
range stresses the need for uniformity and 
consistency in diagnostic criteria. Never­
theless, it is generally agreed that the in­
cidence has significantly increased over the past 20 years. This may indicate improved diagnosis and may also reflect the increase 
in scarred post-pneumonic lungs in the 
antibiotic era. This “scar” theory is based on statistical evidence alone but the cor­
relation of alveolar cell carcinoma with 
pre-existing pulmonary disease, which is 
significantly higher than with any other 
type of lung tumour, seems too great to 
ascribe to mere coincidence.5'7 This rela­
tionship requires additional study.
The multiplicity of clinical and radio- 
graphic presentations is related to the long 
course of the disease and the stage at 
which the patient consults his physician. 
We divide the various radiologic pictures 
into four basic types: (1) an isolatednodule; (2) an isolated cavitary lesion; 
(3) multinodular disease; and (4) infiltrative disease. The latter two can be further divided into localized and diffuse forms. The infiltrative and multinodular types overlap and probably represent different stages of the same process in which the fine reticular infiltrations gradually coa­lesce into nodules as the disease progresses. Isolated cavitary lesions, which occur not infrequently, result from the breakdown of 
solitary pulmonary nodules.
The practical value of this classification 
lies in the fact that early disease most commonly presents in localized fonn. If 
diagnosis is made at this stage most lesions are amenable to surgical resection. Thus, 
it is at the time when recognition is most difficult that the need for accurate diag­
nosis is most urgent.
Because surgeons have begun their at­
tack on alveolar cell carcinoma so recently 
using varying criteria of diagnosis and 
operability, and because of the variable 
course of the disease, we are unable to 
draw firm conclusions regarding the ulti­
mate prognosis following surgical resec­
tion. But the relatively long survivals fol­
lowing lobectomy for localized disease 
noted in several reports'-7- ,0-12- 13 suggest 
that the prognosis of patients with alveolar 
cell carcinoma is far from hopeless if 
recognized early and, in fact, appears to be considerably better than other types of 
lung carcinoma.
Su m m a r y
We present a patient who died of alveo­lar cell carcinoma as a background for dis­
cussion of the accepted facts and contro­
versial theories surrounding this disease. We attempt to define clearly alveolar cell 
carcinoma, and stress the necessity of de­
veloping uniformity and consistency in this 
regard. Also it is emphasized that the inci­
dence of the disease is probably higher 
than generally recognized and may be in­
creasing.
Localized disease, contrary to estab­lished thought, is the commonest presenta­
tion in the early stages of alveolar cell 
carcinoma with a solitary nodule occurring 
most often. This fact, along with the ap­parent good results following pulmonary 
resection, is altering opinion regarding the prognosis which was previously considered hopeless. When dealing with an isolated pulmonary nodule, the surgeon should re­member alveolar cell carcinoma and take an aggressive approach to diagnosis and 
treatment.
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R e s u m e
S’appuyant sur un cas typique, les auteurs don- 
nent une definition precise du cancer de la cellule 
atveolaire du poumon et passent brievement en 
revue cette pathologie controversee. La frequence 
croissants de cette tumeur peut etre attribute au 
plus grand nombre de cas de cicatrices pulmo- 
naires apres pneumonie, dans la region touches 
par les antibiotiques. Quatre cliches radio- 
granh.ques jlhistrent: (1 ) un nodule isole (2 ) 
un“ ,(3) des nodules multiples et (4 )
line infiltration reticulaire. Les formes multinodu- 
laires et infiltrees peuvent etre aussi bien localisees 
que diffuses. Etant donne que chez la majorite 
des patients, la pathologie est confinee a un lobe 
et est exempte de metastases, ils sont justiciables 
de la resection chirurgicale, a condition que le 
diagnostic ait ete pose au debut. Les auteurs 
conseillent d’agir vite et fort, tant au point de 
vue diagnostique que sur le plan du traitement.
TRACHEAL COMPRESSION BY 
INNOMINATE ARTERY
During the 16 years from June 1952 to 
June 1968, the authors diagnosed innominate 
artery compression of the trachea in 285 pa­
tients including neonates to children 3 years 
of age. The innominate artery has been shown 
to cause anterior tracheal compression despite 
a normal origin from the aorta and, in fact 
in only approximately 10% of the authors’ 
series was an aberrant origin for the innomi­
nate artery suspected. Tracheal compression 
produces a tracheobronchitis and inability to 
clear the airway of secretions.
Reflex apnea, a two-to-three-minute episode 
of apnea and cyanosis, may occur spon­
taneously or during feeding and is considered 
an indication for operation. The diagnosis is
made by a study of patient history, physical 
examination, contrast esophagogram, and 
bronchoscopy. Medical management consists 
of the standard treatment for croup and was 
successfully used in 86.3% of patients. Surgi­
cal therapy, consisting of innominate artery 
suspension, was required in 39, or 13.7%.
The authors report an excellent result in 
59% of patients with operative treatment, a 
good response in 25.6%, and a poor result’ in 
15.4%. Included in the poor category are 
three patients who died. Tracheal compression 
by the innominate artery is believed to be a 
disease entity prone to cause sudden and un­
expected apnea, leading on occasion to death. 
In selected patients, surgical treatment is in- 
dicated.-Mustard, W. T. el al.: Tracheal com­
pression by innominate artery in children, 
Ann. Thorac. Surg., 8: 312, 1969.
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PROTRUDED LUMBAR INTERVERTEBRAL DISCS, WITH SPECIAL 
REFERENCE TO SURGICAL TECHNIQUE AND PREOPERATIVE AND 
POSTOPERATIVE MANAGEMENT: A CLINICAL ESSAY0
P. D. MOYES, M.D., F.R .C.S.fC], Vancouver, B.C.
M a n y  lumbar laminectomies have been 
performed since the procedure was first 
described by Mixter and Barr.1 Results 
have been’ analyzed by O’Connell,2 
Semmes,3 Raaf,4- 5 Spurling,'1 White,7 Mix­
ter and Barr,1 Gurdjian et a l.H' 1 and others. 
These reviews have considered age, sex 
incidence, levels at which protrusions 
occur, symptoms and signs and the pa­
tients’ occupations and the effect of treat­
ment upon compensation patients.
Most of these publications have directed 
less attention to the surgical technique and 
preoperative and postoperative manage­
ment than to other factors. Spurling'1’ 10 
and others consider that the improved re­
sults now being obtained are due to more 
careful and critical selection of patients 
for operation. While this is probably the 
most important cause of recent improved 
results, the technique of the operation is 
important and careful attention to the pre­
operative and postoperative management 
will also improve results.
I had begun with orthodox views con­
cerning the selection of patients for lumbar 
laminectomy and removed discs by uni­
lateral exposure in patients with unilateral 
leg pain, but I became dissatisfied with 
some of my patients’ progress and noted 
that, after unilateral discectomy, some had 
protrusion on the opposite side. Also, be­
cause the nucleus pulposus was only par­
tially removed, patients were being kept in 
bed for eight to 10 days after operation in 
the hope that the remaining disc would 
organize enough to minimize subsequent 
displacement. The recurrences of disc pro­
trusion and the protracted bed rest sug­
gested that the technique I was then using 
was inadequate.
The present paper reports my experi­
ence during the period 1958 to 1968. In 
1962 I made two changes in my original 
technique: first, my patients were given
"From  the Department of Surgery (Neurosurgery), 
University of British Columbia, Vancouver, B.C.
physiotherapy after operation and sec­
ond, I began to do radical removal of 
disc material but continued to do unilateral 
exposure for unilateral leg pain. I believed 
that the entire nucleus pulposus was in­
volved in the pathologic process when sig­
nificant protrusion had occurred but that, 
if necessary, all of this material could be 
removed from one side. Later, I became 
sceptical of this last concept so, on several 
occasions, I removed all of the disc mate­
rial possible from one side and then ex­
plored the other side. In every instance I 
was able to remove substantially more disc 
material from the second side. Then, in 
1963, I began to carry out bilateral expo­
sure and radical removal of disc material 
in all patients, even in those who had uni­
lateral leg pain. Despite the fact that, in 
bilateral exploration, retraction of the 
clinically unaffected nerve root produced 
numbness in the previously unaffected leg,
I persisted because the numbness was 
always temporary and did not alarm the 
patient if he had been warned in advance.
Whenever possible I started patients on 
physiotherapy before operation. By 1964 I 
had established the present program which 
is described in detail in this paper.
Preoperative M anagement
A questionnaire completed by patients 
who underwent lumbar laminectomies for 
disc protrusion between 1958 and 1968 
made it clear that they reacted better to 
operation if they were well-informed be­
forehand. The proposed operation is now 
discussed with the patient and his nearest 
relative at some length and he is told my 
reasons for recommending the operation, 
my estimation of the probable outcome, 
and his day-to-day activities from his ad­
mission to the end of the convalescence.
Concerning myelography the patients 
are told that most people have relatively 
little trouble but that some may have con­
siderable discomfort which lasts for days 
or weeks. Contrary to O’Connell,2 Spur-
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ling,6’10 Semmes3 and others I do myelog­
raphy because it helps to identify the rare, unexpected spinal cord tumour and dem­onstrates multiple disc protrusions. Myel­ography makes little contribution to the 
decision to operate but may minimize any exploration that is necessary. With regard to the type of myelography, I prefer 
Ethiodan or a similar positive-contrast ma­terial and use at least 10 ml. This material 
should be removed if this can be accom­
plished easily but should not be removed 
at all if its flow in the spinal canal is 
blocked. Even in routine cases it is better 
to leave the oil in situ if it is difficult to remove.
Most patients receive instructions before operation concerning the exercises they 
will do afterwards and practise them under 
the direction of the physiotherapist who will supervise them after operation. My 
routine is as follows: (1) Assess the pa­tient’s main complaints and note any 
muscle weakness. (2) Check walking and 
posture. (3) Show the patient leg exercises 
in the side-lying position. (4) Demonstrate postoperative breathing exercises. (5) In­
struct the patient not to lie on his back 
but on his sides turning via the prone posi­tion for two weeks after operation. (6) 
Show the patient how to get in and out 
of bed in the prone position, pushing off the bed at an angle using the arms.
Before myelography the back is often 
shaved in men but this is sometimes dis­
pensed with in women. Before operation 
the low back is washed with pHisoHex or 
green soap three times a day for two days 
and again just before operation.
Enemas are not essential; however, if a 
patient has not had a good bowel move­
ment the day before operation he should have a saline enema.
The anesthesiologist or anesthesiology resident visits the patient the evening be­fore the operation to assess him and to ex­
plain to the patient what he may expect. Thus, the patient is well prepared physi­
cally and psychologically for the lumbar laminectomy.
Su r g ic al  T ec h n iq u e
Anesthesia is usually by general inhala­tion. A respirator is used for assisted ven­
tilation in many neurosurgical procedures, but I am doubtful about its usefulness in this operation. The patient is prone on bolsters to ensure adequate pulmonary excursion when pulmonary function is em­
barrassed. If the patient requests spinal or peridural anesthesia, I have no objection.
With respect to position, the surgeon cannot remove all of the disc if the patient 
remains in the lateral position. Therefore, 
despite some disadvantages, the prone 
position is essential for radical discectomy, 
and the operating room table is tempo­
rarily flexed until after the disc material has been removed.
The operative area should be carefully 
cleaned with whatever solutions the hos­
pital bacteriologist recommends. A trans­
parent plastic material is attached to the skin and the incision made through it. A 
midline incision is carried deep enough so 
that the sacrum can be identified; then, 
to localize the vertebrae, I count up from it. The interspinous ligaments are left in­tact because they may add support.
The muscles are reflected subperiosteally on both sides as far laterally as the lateral aspects of the facets; to dissect further 
than this is unnecessary and only increases 
hemorrhage. A small amount of lamina is then removed. At the L5 level this is easy 
but at higher levels the bony canal is 
narrower and the lamina thicker. At this 
juncture a small (Love) Kerasin rongeur 
facilitates exposure. I make every effort to 
preserve the facet and pedicle, unless they 
have to be removed to achieve adequate safe exposure; however, this is seldom necessary.
The exposed ligamentum flavum is then removed by pulling up on it with forceps 
and cutting with a knife on three sides 
leaving the lateral part still attached. A 
medium-sized curette is then extended 
laterally under the ligament to remove it as far laterally as possible.
The appropriate nerve root is then identified and retracted medially by means 
of cottonoid patties or Love root retrac­tors. Only when the annulus can be seen clearly is it incised with a No. 11 blade 
under direct vision. The space is then thoroughly cleaned out under direct vision using both curettes and disc forceps. When
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this has been completed, including the 
laterally placed material in the “axilla”, 
the opposite side is similarly cleaned out. 
The midline material is removed by gently 
pushing it from one side towards the op­
posite side where it can be grasped and 
removed. Awareness of the danger of 
vascular damage is the best insurance 
against it. In reviewing 106 such complica­
tions gathered from other neurosurgeons 
through a questionnaire, DeSaussure11 
showed that pulling on the most anteriorly 
placed material with a pituitary forceps 
seemed to be the most dangerous man­
euver with regard to bleeding from the 
great vessels.
After the disc space is flooded with 
saline or other irrigating solution a sucker 
is introduced. In this way floating loose 
pieces of disc material may be caught. 
After the disc space has been thoroughly 
cleaned out, the operating room table is 
straightened and the cottonoid patties are 
removed. Extradural venous oozing usually 
stops spontaneously but small pieces of 
Gelfoam may have to be used.
Closure throughout is with interrupted 
sutures—a point which is more important 
than the actual suture material used. The 
lumbar fascia is closed with 0 black silk 
and each suture incorporates the inter- 
spinous ligament or a cuff of the fascia 
that is attached to the spinous process. 
The subcutaneous sutures are 000 black 
silk with buried knots and each suture in­
corporates the deep fascia to eradicate the 
dead space between skin and deep fascia. 
The skin sutures are also 000 silk.
Postoperative M anagement
A well-padded dressing is applied to the 
patient’s wound. For the first two or three 
days after operation he usually requires 
assistance when turning in bed but there­
after can accomplish this act unassisted. 
He is allowed out of bed as soon as he 
wishes and is encouraged to do so within 
a few days of operation, but with help. 
After operation he starts his physiotherapy 
as soon as he is alert enough.
The original dressing is left on for five 
to six days if there are no neurologic signs 
of root compression or other intraspinal
complication. If vital signs are satisfactory, 
and if there is no sign of bleeding, a 
smaller dressing is applied. The sutures 
are removed on the seventh or eighth day. 
During the first few days the patient may 
have frequent analgesics with diazepam 
(Valium) 5 mg. three times daily.
Physiotherapy is carried out on the fol­
lowing schedule: The patient is nursed 
lying on his side with a pillow behind his 
back and one between his legs. He is 
turned every two hours.
First Day
(1) Postoperative breathing exercises 
and coughing.
(2) Foot, ankle, bend and stretch knee 
in the side-lying position.
(3) Stand only for a few minutes (cor­
rect posture).
Second Day
(1) Add prone-lying (small pillow under 
hips) and gluteal contractions.
(2) Up, walking with a high-stepping 
gait (90° flexion at hip, knee and ankle).
(3) Up several times during the day.
Third Day
(1) Gluteal contractions.
(2) Gluteal contractions, one leg left 
back, relax; repeat with the other leg.
(3) Up, walking on own with a high- 
stepping gait.
(4) Teach the patient to sit on a straight- 
backed chair with no arm rests (stand 
astride, weight on toes and bend knees). 
Stand up the same way. Only sit for meals 
to start with—the patient will have many 
complaints about sitting immediately after 
operation.
(5) Teach correct posture.
Fourth Day
(1) To gymnasium for mat class.
(2) Exercises (resting prone, forehead 
down): (a) gluteal contractions; (b) gluteal 
contractions with straight-leg-raising, one 
leg; (c) gluteal contractions with straight- 
leg-raising, both legs.
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Fifth Day
Add: (1) Raising head and shoulders.
(2) Crook-lying (patient supine, knees 
raised and feet flat).
The patient does these home exercises 
on the floor three times daily for three 
months at least, taking about 10 minutes 
each time. The quadriceps are often weak 
so, holding the end of the bed, he does 
heel-raise and knee-bend exercises with a 
straight back.
The patient usually leaves hospital 
about 10 days after operation although 
sometimes the hospital stay is a little 
shorter or a little longer. When he is dis­
charged he is independently ambulatory 
and able to look after his simple needs.
Convalescence
After he leaves hospital the patient con­
tinues his exercises and gradually increases 
his activities. He bends his back forward 
as little as possible for six weeks and then 
does this gradually after that time. He 
may ride in a car as a passenger although 
he is advised not to drive for four to six 
weeks. When he first gets home he is ad­
vised to lie down for short periods several 
times during the day. The amount of gen­
eral activity is largely a matter of common 
sense and varies with each individual. His 
return to work depends upon the nature 
of his work, the severity of the disc pro­
trusion and the individual's response to 
operation. A patient may often begin 
sedentary work two months after opera­
tion but labouring work usually requires 
three to four months of convalescence. 
Most patients feel they have not com­
pletely recovered until six to 12 months 
after operation.
Material and Results
To assess the results of this regimen I 
studied 1026 patients with complaints of 
low back and leg pain seen between 
January 1, 1958 and December 31, 1967. 
Of these, 394 had lumbar laminectomies, 
237 were men and 157 were women.
During the first five years of this period, 
disc material was removed from patients 
with unilateral leg pain through unilateral 
exposure. After this, all patients had bi­
lateral exposure with radical removal of as 
much disc material as possible, except that 
those who had unilateral leg pain had 
unilateral exposure when discectomy was 
followed by immediate fusion. Over the 
entire 10-year period, 53% of patients had 
unilateral removal and 47% bilateral re­
moval. Considering all categories of pa­
tient including those who received com­
pensation or were involved in litigation, of 
218 patients who answered a question­
naire, 86% indicated that they had im­
proved as a result of operation.
Of 185 patients who had bilateral disc 
removal, only one had a recurrent pro­
trusion at the site of the original discec­
tomy. Of 28 patients who required secon­
dary fusions after the original discectomy, 
eight had bilateral and 20 had unilateral 
exposure. Thus, bilateral radical discec­
tomy seems to provide considerable pro­
tection against recu. rent protrusion at the 
same level and secondary fusion seems less 
likely after radical discectomy.
One patient died after bilateral radical 
removal of the disc. Two patients devel­
oped disc-space infections; one had uni­
lateral exposure and the other bilateral 
exposure. Of the eight patients who de­
veloped superficial wound infections, five 
had unilateral and three had bilateral ex­
posures. The one patient who had wound 
infection deep enough to require wide 
opening for drainage had had unilateral 
exposure. One patient who developed a 
cerebrospinal fluid fistula had had bilateral 
exposure.
D iscussion
Careful diagnosis and selection of pa­
tients are the most important factors in­
fluencing the result of operative removal 
of protruded lumbar intervertebral discs. 
Careful management of the patient in­
cludes physical and emotional preparation 
and postoperative support. Operative tech­
nique is of considerable importance. Al­
though Rosen12 believes that unilateral 
removal is adequate when clinical symp­
toms and signs are strictly unilateral, I  am 
convinced that radical removal of the disc 
material using bilateral exposure is superior 
to partial removal by unilateral exposure. 
It gives a better immediate result and re-
V
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duces significantly the chances of recurrent 
protrusion. Bilateral exposure may produce 
temporary numbness in the previously un­
affected limb but bilateral denervation of 
the annulus, which follows bilateral in­
cision of the annulus, may benefit the 
patient by eradicating noxious stimuli from 
this area and therefore reducing pain.
S u m m a r y
From 1958 to 1988, 394 patients were 
treated by lumbar laminectomy for lumbar 
disc protrusion. I have outlined the pre­
operative preparation and postoperative 
management with emphasis on careful 
selection of patients initially. The necessity 
for myelography is discussed. Surgical 
procedure is described in detail and two 
surgical techniques are compared as the 
main point of the essay. I prefer bilateral 
radical exposure with bilateral removal of 
the disc rather than unilateral exposure 
and removal, and have compared the re­
sults of both. The importance of physio­
therapy before and after operation is ex­
plained and a clear-cut exercise program is 
described.
The physiotherapy regime described in this 
paper was devised by Drs. G. B. Thompson and 
W. St. J. Buckler and was supervised by Dr. 
Buckler’s physiotherapists at Vancouver General 
Hospital. I would also like to thank my secretary, 
Joyce Gaitt, for her work in collating this material.
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R e su m e
De 1958 a 1968, nous avons vu 1026 malades 
souffrant de lombalgie et de douleurs dans les 
jambes. Durant la meme periode, nous avons 
pratique une laminectomie sur 394 malades, dont 
237 hommes et 157 femmes. Nous decrivons ici 
le traitement preoperatoire et postoperatoire et 
soulignons l’importance de choisir avec soin les 
patients des le debut. L ’interet de la myelo- 
graphie est discute. La description detaillee de la 
technique chirurgicale et sa comparaison avec les 
diverses techniques courantes constituent l’essentiel 
de l’essai. L ’auteur prefere la resection bilaterale 
radicale a la resection unilateral et discute ses 
resultats par les deux techniques. Sur l’ensemble 
de ses patients, il a pratique la resection unilate- 
rale dans 53% des cas et la resection bilaterale 
des lames dans 47% des cas. II insiste sur 1 im­
portance de la physiotherapie avant et apres 
l’operation et donne meme le detail d un plan 
d’exercices gradues.
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INVASIVE ENDOMETRIOSIS OF TH E INTESTINE:
REPORT OF 21 CASES0
G. B. ELLIO TT, M.B., F.R.C.Path., F.A.C.P., R. M. CHRISTENSEN, M.D., F.R.C.S.[C], 
and K. A. ELLIOTT, M.B., D.M.R.D., F.A.C.P., Vancouver, B.C.
If  one regards endometriosis as a tissue 
transplant, its later and permanent effects 
seem to vary considerably. This paper 
describes 21 patients with invasive endo­
metriosis of the intestine. We report this 
series to show that the effects are predict­
able and depend upon the type of host tis­
sue into which the endometrium has been 
implanted.
Endometriosis can take widely differing 
clinical and pathologic forms, and this 
paper sets out the principles from which 
its late effects on various organs can be 
forecast.
Source of M ater ial
The series includes all instances of in­
vasive endometriosis of the intestine re­
corded in the Vancouver General Hospital 
from 1951 to 1969, together with Cases 14 
and 17 from other Vancouver hospitals and 
Case 21 from Calgary, Alberta. Their clini­
cal, pathologic and radiologic characteris­
tics, and management are compared in 
Table I.
E ffects of  E ndometriosis on H ost
T issues O ther T h an  Intestine
Ovary
In the ovary, endometriosis produces a 
menstruating surface, and adenomyomas 
do not develop. The resorption mechanism 
for blood and fibrin, which is normally effi­
cient, seems to break down for reasons that 
have never been discussed in the literature. 
A chocolate cyst” then forms, filled by 
fibrin-split products and blood. Fibrous ad­
hesions may bind the ovary very firmly to 
other pelvic organs. Such endometriotic 
cysts are rare in all other organs, but have 
been reported in the kidney.1
“From the Departments of Pathology and Surgery, 
Vancouver General Hospital, and the University 
of British Columbia, Vancouver, B.C.
Presented at the 38th Annual Meeting of the 
Royal College of Physicians and Surgeons of 
Canada, Vancouver, B.C., January 1969.
Serosa
When the serosa of the pelvis is affected, 
one might also expect a menstruating sur­
face but this seldom seems to occur. Endo­
metrial glands survive in this site with dif­
ficulty. Usually, the process leaves only 
grey superficial punctate scars, which later 
often look like “powder burns”. These le­
sions, in such locations as the pouch of 
Douglas, tend to be self-limiting and often 
produce no symptoms. Ovarian endo- 
metriomas, on the other hand, may be fused 
to the sigmoid colon by dense fibrous ad­
hesions which produce a fixed retroversion 
of the uterus and the clinical impression of 
a “frozen” pelvis.
Plain Muscle
Once endometriosis invades plain muscle, 
as in the uterus, it provokes marked hyper­
plasia without scarring, and implants seem 
to flourish. This prototype lesion may be 
found in the plain muscle of any organ that 
passes through the female pelvis. On strict 
pathologic grounds, the lesion so produced 
should not be called an adenomyoma be­
cause the glands have lost continuity with 
the endometrium, but there now seems 
little point in continuing this fine distinc­
tion for clinical purposes. We have seen 
these obstructing adenomyomas in ileum, 
cecum, appendix, particularly in sigmoid 
colon, and rarely in ureter and bladder 
(Figs. 1-3). In all these sites they may be 
polypoid or stenosing and may resemble 
carcinoma very closely. We have not en­
countered adenomyomas in the extrauter- 
ine portion of the oviduct and have no 
explanation for this infrequency. They do 
occur in the transuterine portion of oviduct 
wall and in the round ligament. Presum­
ably, plain muscle has efficient disposal 
mechanisms for blood breakdown products 
because, in these sites, large endometrio- 
matous cysts are not reported. Endo- 
metriomatous cysts arising in ovary may, 
of course, become secondarily adherent to 
adjacent pelvic structures.
T A B L E  I .— C l in ic a l , P a th olog ic  a n d  R adiolog ic  C h a ra c te ristic s , a n d  M a n a g e m en t  of 21 P a tie n t s  W it h  E n d o m etrio sis
M enstrual symptoms Features o f  endometriosis
Patient
no.
Age
(yrs.) Infertility
Dysmenorrhea
or
dyspareunia
H ypogastric
colic
Rectal
em ptying pain
Bleeding 
per rectum Sigmoid Radiology Other sites Treatment Follow-up
(A )  A P P E N D IC U L A R  A N D  IL E O C E C A L  E N D O M E T R IO S IS  
l  3 3  -f- +  +  In term ittent — — Ileocecal nodule 3 .5  cm . diam eter 
w ith ileal o b ­
struction
D istended small 
bow el w ith fluid 
levels
P e lv ic  o r g a n s  
generally
N odule resected W ell, 9 yrs.
2 32 + + + 4 m os. — — Ileum  fixed to  ovary
Fixation  o f ter­
m inal ileum
L eft  ovary L eft ooph orec­
tom y
3 39
A sy m p to m a tic  
hard mass in ce­
cum found dur­
ing o p e r a t io n  
for stress incon­
tinence
C l in ic a l  d ia g ­
nosis : carcinom a 
o f  capu t cecum  
fixed to uterus 
a n d  r e c t o s i g ­
m oid
U terus R ig h t hem ico­
lectom y with in­
cision o f  adhes­
ion to  rectosig­
m oid  and repair
W ell, 2 yrs.
4 21
A sy m p to m a tic  
pelvic mass felt 
on routine ex­
am ination
E ccentric 1-cm . 
aden om yom a at 
base o f appen­
dix
R igh t ovarian  
ch ocola te  cyst
A ppendectom y
5 36 +
Last 4 yrs.
1 -cm . nodule at 
base of appendix 
w ith gangrenous 
obstructive  ap ­
pendicitis
A ppendectom y W ell, 1 yr.
(B ) SIG M O ID  
6  35
E N D O M E T R IO S IS
— — C o n s t i p a t i o n  th e n  d ia r r h e a  
for 2  yrs.
— 2  po lypoid  en- 
dom etriom as o f 
s i g m o i d  w ith  
kinking
Funnel narrow ­
ing o f  8 -cm . 
segm ent o f sig­
m oid
4*cm. m ass in 
r e c t o v a g i  n a l 
pouch
A nterior resec­
tion
W ell, 4 yrs.
7 44 + — R ecen t
2  2 .5 -cm . p o ly ­
poid  masses o b ­
s t r u c t in g  s ig ­
m o id ,  m u c o s a  
in tact
Pelvis generally S ig m oid  resec ­
tion , salpingo- 
ooph orectom y
W ell, 1 yr.
8 47
Found incident­
ally during h y ­
sterectom y for 
m enorrhagia
— — 2  sigm oid “ p o ly ­p i”  due to kink­
ing of wall
B ladder, pelvic 
serosa
Sigm oid resec­
tion . H ysterec­
tom y
W ell, 8  yrs.
9 39
Com plained of 
m e n o r r h a g ia .  
A sy m p to m a tic  
colon ic lesions
S e v e r a l  1 -c m . 
brow n indura­
tions in sigm oid 
w a ll ,  w it h o u t  
obstruction
L eft ovary , right 
a d n e x a  a n d  
bladder
B iopsy o f  sig­
m oid . Subtotal 
hysterectom y
10 42 + — — 4 m os. 5-cm . mass, c li ­nically carcino­
ma, fixing sig­
m oid and left 
adnexa
R ig id  3-cm . s ig ­
m oid stricture 
w ith angulation 
(b lo c k in g  s ig ­
m oid oscop y)
A nterior resec­
tion . L eft sal- 
p ingo-oophorec- 
tom y and hys­
terectom y
Recurrence no- 
dulation in colon 
and right ad ­
nexa after 2 
yrs.
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11 44 +
R ib b o n  d iarrhea
F ixed  hard mass, 
c lin ica lly  ca rc i­
nom a, fu s ing  10 
cm . o f rectos ig ­
m oid  to  uterus
O varies , pe lv ic  
serosa, s igm oid  
m esen tery
B iopsies. B ila - R ecu rren t sig- 
tera l sa lp ingo- m oid  obstruct- 
o o p h o r e c t o m y  ion in 6 mos. 
and sub to ta l h y - D ied  from  ep i- 
s te rec tom y lepsy
12 43
C om p la in ed  o f 
uterine prolapse
-f- +
3 yrs .
5-cm . str ic tu re  
low er an terio r 
s ig m o id ,  w ith  
puckering, c lin i­
ca lly  carc inom a
N on e  found in 
ova r ies  o r u terus
A n te r io r  resec- W e ll, 1 y r. 
tion . T o ta l  h y ­
sterectom y
13 44 + 11 yrs. L a s t 3 m os. S igm oid  pucker­
in g , c l in ic a l ly  
c a r c i n o m a .  
M u sc le  w a ll 1.2 
cm . th ick
F ixed  d e fo rm ity  
in s igm o id  w ith  
in tac t mucosa, 
d iagnosed as en ­
dom etrios is
L e f t  o v a r i a n  
ch oco la te  cys t 
adheren t to  s ig ­
m oid
A n te r io r  resec- W e ll, 3 years, 
tion
14 44 +
5 yrs . a fte r  h y ­
sterectom y had 
diarrhea, then 
p r o g r e s s i v e  
constipation
+ Ir r e g u la r  n a r ­
row in g  o f m id - 
s igm oid  w ith  r i­
g id  f ix ity  im ­
possible to  m o­
b ilize
Sm all b ow e l o b ­
struction
R ig h t  w a ll o f 
p e lv is , b ladder 
dom e and fix ­
a tion  r ig h t  u re­
ter
R e fu s e d  c o l o ­
stom y
15 42
D ia rrh ea  6 mos.
R u b b ery  s tr ic ­
ture and “ S ”  
k ink  o f sigm oid
— T in y  cysts  on 
ova r ie s  and p e l­
v ic  floor
A n te r io r  resec- W e ll, 5 yrs. 
tion
16 48
D ia rrh ea  2 mos.
—  G r e a t ly  t h ic k ­
e n e d  s ig m o id  
c ircu lar muscle 
w ith  in ta c t m u­
cosa
M  i d - s i g  m  o i d 
strictu re, " p r o ­
b a b ly  ca rc in om a ’
N on e A n te r io r  resec- W ell, 4 yrs. 
tion
17 28 2 1 4  yrs .
R ib b on  d iarrhea 
1 y r .
—  — L o n g  s ig m o id  
s t r ic tu r e  w ith  
in ta c t m ucosa
L e ft  p e lv is  w all, 
sm all b ow e l ad ­
hesions
A n te r io r  resec­
tion
18 33 4 yrs . 2 yrs . O ccasional S i g m o id  fused 
w ith  posterior 
u terine w a ll
2 - in .  s i g m o id  
n arrow in g  and 
angu la tion  w ith  
in ta c t m ucosa
N on e A n te r io r  resec- W ell, 2 yrs. 
tion . T o ta l  h y ­
sterectom y
19 37 +
C om p la in ed  o f 
severe m enorr­
hagia fo r  years
1-cm. indurated  
zone in  sigm oid
U teru s B iop sy  s igm oid . 
H ys te rec tom y
20 48 2 m os. L a s t 2 m os. D ense adhesion 
s ligh t o f s igm o id  to  
uterus
— U teru s and p e l­
v ic  p eritoneum
P a n h y s t e r e c -  W ell, 12 yrs. 
tom y
(C )  U R I N A R Y  T R A C T  E N D O M E T R IO S IS
21 33
C om pla ined  o f 
painless hem a­
turia
—  Im p lan ts  o ve r  
s i g m o id ,  a n d  
sm all b ow e l in 
p e lv is
1959-le ft h yd ro - 
ureter. 1984- 
non  - fu n c t io n ­
in g  le ft  k idney . 
P o lyp o id  fillin g  
de fects  in  le f t  
bladder dome, 
s u s p ic io n  o f  
carc inom a. R e ­
sected
E x ten s iv e  im ­
p lan ts in  p e lv ic  
s e ro sa , u te ru s  
and c e rv ix
Fu lgu ra tion  o f  1965-bladder re­
b lad d er lesion , tracted  near le ft  
H  y  s te  r e c tom y  ureter 
and le ft  sal- 
p ingo-oophorec- 
to m y , 1960. R e ­
section  o f p o ly ­
po id  ves ica l en- 
d o m e t r i o m a ,
1964
>
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Fig. 1.—Case 8. One of two kinks found inci­dentally in the sigmoid during hysterectomy. The radiating fan of thickened muscle beneath intact mucosa is typical of endometriosis.
E ndom etriosis o f  I ntestine
The abundant invading endometrial 
glands and accompanying stroma do not 
enter or replace intestinal mucosa. This is 
the most important characteristic and, on 
the radiograph, forms the prime sign of a 
segmental sigmoid stricture due to endo­
metriosis. The plain muscle layers may pro-
Fig. 2.—Case 6. The sigmoid shows one in­folded buckle and a polypoid adenomyoma, both beneath intact mucosa.
vide full growth requirements for the extra 
transplanted tissues, and, as a result, an adenomyoma forms as in the uterus. The
Fig. 3.—Case 21. A polypoid endometrioma of the bladder dome obstructing the left ureteric orifice producing mild left hydronephrosis.
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true explanation may not be as straight­
forward as this because, for unknown rea­
sons, the muscularis mucosa also escapes 
penetration.
Sampson2 proposed that the ovary might 
act as an “intermediate host” in disseminat­
ing further endometrial tissues through 
the pelvis. In our series the ovaries were 
often minimally affected. In seven cases 
these organs did not seem to be involved 
at all. Kinder* and others4- 5 also reported 
ileal and intestinal endometriosis where 
the pelvis was clear. The process appears 
as a buckle on the antemesenteric border 
but never encircles the bowel completely® 
—a point that distinguishes it from carci­
noma.
On cross-section, hypertrophy of this in­
folded thickened muscle with radiating 
spokes of interposed endometriotic tissue 
produces a characteristic fan-like picture 
(Fig. 1)—a feature that was first illustrated 
in Cullen’s classic report of 1920.7 The 
radiologic counterpart of this rounded 
smooth intrusion may thus suggest an 
extraluminal mass as illustrated by Spjut 
and Perkins.8 The other causes of long 
segmental stricture of the sigmoid colon, 
including carcinoma, late post-irradiation 
colitis and ischemic colitis, nearly all erode 
the mucosa. This erosion, which can often 
be demonstrated radiologically, distin­
guishes these lesions from endometriosis in 
which the mucosa always remains intact. 
The abrupt buckling and intestinal fixity 
of endometriosis both make sigmoidoscopic 
examination painful and difficult, giving 
the impression of a frozen pelvis, again 
simulating carcinoma.
In the sigmoid, endometriomatous cysts 
do not form, in contrast with the ovary. 
Normally, the ovarian stroma is regularly 
expanded by follicles, blood breakdown 
products are efficiently removed and the 
ovary promptly heals after follicular rup­
ture. Hence, when an ovarian endometrio­
matous cyst is encountered, the usual dis­
posal mechanisms in ovarian tissues must 
have failed. This forms a striking contrast 
when endometriosis develops in plain 
muscle of sigmoid colon, which often has 
such a heavy load of endometrial glands 
that polypoid endometriomas occur, but 
cysts do not appear.
In none of the patients in our series did 
we find endometriotic implants in regional 
lymph nodes, but we have seen such im­
plants in pelvic and inguinal nodes on rare 
occasions. Other observers have noted this 
localized metastasis, which is clinically 
benign and fortunately self-limiting in size 
and extent. On a frozen section, it is 
usually not difficult to make a correct diag­
nosis on the intestinal lesions, but one 
must demonstrate endometrial spindle-cell 
stroma as well as the gland elements for 
confirmation.
Symptoms Associated W ith Intestinal
E ndometriosis
In our series, the noticeable association 
of symptoms with menses was not of much 
help in diagnosis, a point which reflects 
the distribution of the endometriosis 
(Table I). One-half of the patients had no 
gynecologic complaints, reducing clinical 
prospects of endometriosis. Also, these pa­
tients had few severe symptoms referable 
to intestine, in contrast with the size of 
lesions eventually found there (Cases 3 
and 8). Six of the 21 patients had men­
strual colic, four had dysmenorrhea, three 
had dyspareunia, and 10 were infertile 
(although this was not a complaint). Only 
five had ribbon stools or diarrhea to sug­
gest low intestinal stricture, and only three 
had pain on emptying the rectum.
In comparison, a clinical diagnosis of 
carcinoma was made in six cases when the 
surgeon discovered a hard fixed sigmoid 
mass at laparotomy, with puckering re­
sembling incomplete napkin-ring stricture. 
In four others, this most common error 
was avoided when two or more polypoid 
endometriomas or buckles were seen in the 
intestine. These kinks are often rigidly 
fixed in a frozen pelvis. As Boles and 
Hodes9 note, introduction of the sigmoido­
scope is usually difficult and painful for 
the patient; hence, little can be gained 
from its use.
In their report of 29 personal cases of 
intestinal endometriosis, Macafee and 
Greer10 reviewed 7177 cases of endometri­
osis from the literature. They noted that 
12% had implants in intestine. Of these, 
85% were in the rectosigmoid, 7% in the 
small intestine, 3.6% in cecum, and 3% in
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the appendix. Some 27% had clinical 
intestinal obstruction only. From the in­
frequency of reports of intestinal endo­
metriosis, it is clear that most cases are 
asymptomatic. Nearly 1^1 of those who 
developed intestinal obstruction did so in 
the years of menstrual activity which im­
plies that the lesions heal after the meno­
pause. In our series, no patient had in­
testinal lesions which developed or 
persisted beyond menopause. However, in 
Macafee and Greer’s review, 7% presented 
post-menopausally with obstruction. Two 
such patients, 67 and 69 years of age, were 
reported by Colcock and Lamphier.11 
From accounts of somewhat similar cases 
in the literature,12 some of these may be 
examples of endometrial stromal sarcoma 
or highly differentiated mixed mesodermal 
tumour. For these reasons, we still hold 
that the lesion disappears shortly after the 
menopause. This may not mean that the 
endometriotic implants disappear. For ex­
ample, we find commonly deep inactive 
adenomyosis up to the age of 70, in uteri 
removed for prolapse.
Endometriotic Sigmoid Stricture: 
R adiologic Features 
Endometriotic sigmoid stricture is oc­
casionally indistinguishable from carci­
noma; therefore, in women up to the 
menopause who have excellent general 
health, but whose pelvic organs appear 
“frozen ”, the diagnosis of sigmoid stricture 
due to endometriosis should always be 
considered. In order of their usefulness, 
the differential features are:
(1) Demonstration of intact mucosa in a 
segmental sigmoid stricture, which usually 
excludes carcinoma, segmental colitis, or 
post-irradiation stricture (Fig. 4). Unlike 
carcinoma, the affected segment is often 
tender before menstruation.
(2) Presence of more than one polypoid 
mass, each of which has an intact mucosal 
surface.
(3) Segmental narrowing of sigmoid 
with a long funnel entrance and exit (Fig. 
5) that suggests extraluminal compression.
(4) Fixed angulation of sigmoid with in­
tact mucosa in a pre-menopausal woman.
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Fig. 5. Case 17. A long smooth funnel-shaped stricture suggests a mural mass beneath intact
Operative Treatment
Pain associated with endometriosis is 
often relieved by progesterone or castra­
tion, but promptly returns when estrogen 
replacement therapy is started. In two of 
our patients (Cases 14 and 21) persistent 
attempts at hormonal suppression of endo­
metriosis failed. Sigmoid stricture due to 
polypoid adenomyoma is often unrespon­
sive to hormone therapy, which is not 
surprising because the bulk of the intesti­
nal lesion is hypertrophied muscle. This 
hypertrophy appears to persist as long as 
the endometrial glands and stroma show 
any activity.
Case 21 illustrates the particular persis­
tence of the disease when it affects the 
genitourinary tract. The epithelium of the 
ureter and bladder remained intact over 
polypoid endometriomas. In both these 
host-tissue sites endometriotic lesions are 
more productive than invasive, unlike 
malignancy. Others1315 have also remarked 
upon the persistence of the disease in 
vesical or ureteric sites.
Opinions differ concerning the operative 
treatment of intestinal endometriosis, even 
in women who do not complain of in­
fertility. Davis16 found that castration, 
either surgical or by irradiation, did not 
relieve small bowel obstruction and might 
not halt the progression of an obstructing 
bowel lesion. On the other hand, Scott and 
TeLinde17 did not have to perform resec­
tion or colostomy in any of 49 patients 
with endometriosis of the bowel. Jenkin- 
son and Brown18 reported that surgical or 
radiation castration completely restored 
the bowel lumen. It seems likely that much 
of the success of this treatment depends 
upon how close the patient is to spon­
taneous healing of endometriosis with 
relief by menopause. When Macafee and 
Greer10 reviewed the results of treatment 
in 860 patients with intestinal endometrio­
sis, 42% had bowel resection only, 21% 
had bowel resection and surgical castra­
tion, 25% had surgical castration alone 
and 9%  had conservative therapy. One- 
half of the patients in our series had bowel
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resection (Cases 3, 6-8, 10, 12, 13 and 15- 
18). In only one did the lesion recur in 
the sigmoid, two years after anterior re­
section (Case 10).
Recurrence of intestinal endometriosis is 
fortunately uncommon. Because many of 
these lesions are encountered unexpec­
tedly and, in the gross, resemble sigmoid 
carcinoma so closely, the surgeon usually 
resects the involved segment of intestine.
Complete intestinal obstruction from 
endometriosis is infrequent. Sometimes, as 
in Case 14, the pelvis may be “frozen”, 
making resection of the sigmoid impracti­
cal. Postoperative complications are also 
infrequent because, unlike diverticulitis, 
associated pericolic abscesses do not form. 
This is a consequence of the fortunate 
microanatomy of the disease, that it re­
mains excluded from the lumen of the 
bowel in its later stages. The lesions lie 
outside the muscularis mucosae.
D iscussion
When teaching or writing about clinical 
endometriosis of the intestine, the surgeon 
should not associate this entity unduly 
with periodic gynecologic complaints. It is 
far more likely to be encountered without 
such warning, during exploratory laparo­
tomy. At that time, a good knowledge of 
the differential features in the gross from 
sigmoid carcinoma is valuable. While 
simulating carcinoma very closely, as a 
hard fixed sigmoid mass, the kink or 
buckle on the serosal aspect is always in­
complete, usually on the antemesenteric 
border and never encircles the intestine. 
The kink or buckle may be double and 
more than one polypoid endometrioma of 
the sigmoid colon may occur. The lesion 
lies in the muscle wall of the intestine pro­
ducing a counterpart of the adenomyoma 
seen in the uterus. The muscularis mucosae 
and the mucosa characteristically remain 
unaffected smooth and unfixed.
Little help is to be expected from the 
gross appearance of the ovary. While it 
used to be thought that the ovary acted 
as the “intermediary host” for disseminat­
ing further endometriotic implants, the 
ovaries may not be involved at all. In sev­
eral series of patients with ileal and in­
testinal endometriosis, the remainder of 
the pelvis has been clear.
While the lesions that occur in plain 
muscle show close similarities whatever 
their organ site, lesions in the ovary differ 
markedly by producing cysts and adhe­
sions. This must reflect a failure in normal 
ovarian ability to dispose of blood and 
fibrin-split products. A counterpart for the 
endometriotic cyst of ovary has not been 
reported for intestine. In that locus dis­
posal of blood breakdown products ap­
pears to remain effective in active endo­
metriotic sites. This is of interest because, 
while microscopic evidence of endometrio­
sis of intestine is not uncommon, symptoms 
produced by such a cause are rare. As in 
our series of patients, there is a notable 
lack of severe symptoms referable to the 
intestine in contrast with the size of lesions 
eventually found there. It is for such rea­
sons that most instances of intestinal endo­
metrioma are encountered unexpectedly, 
and first, by general surgeons.
Of the various tissues that could be ex­
pected to be involved by endometriosis, it 
appears that mucosa and lining epithelium 
have an almost complete immunity from 
involvement, followed by muscularis mu­
cosae, and to a lesser extent by serosa in 
which implants characteristically and 
spontaneously heal.
The stereotyped image of sigmoid endo­
metriosis with symptoms includes ectopic 
menstruation through the bowel mucosa, 
but, in all recent series, this has been a 
minor or rare facet. This clinical picture 
persists from Cullen’s early description in 
19207 where he recorded a spectacular in­
stance.
Summary
The effects of endometriosis depend 
upon the type of host tissue invaded. Sero­
sal implants tend to heal, while in plain 
muscle they provoke marked hyperplasia 
without scarring. Adenomyomas, similar to 
those seen in uterine wall, may develop in 
the plain muscle of any organ that dips 
into the pelvis.
In many of its characteristics, polypoid 
adenomyoma or buckling on the ante­
mesenteric border of the sigmoid simulates 
carcinoma. In 21 women with intestinal
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endometriosis, 20 of whom were seen in 
Vancouver between 1951 and 1969, sig­
moid carcinoma was the most common 
initial diagnosis. An analysis of symptoms 
shows that one-half had no gynecologic 
complaints, and few had symptoms refer­
able to the intestine in contrast with the 
large masses found there on laparotomy. 
This paucity of gynecologic symptoms re­
flects the distribution of the lesion, because 
the ovary and other pelvic organs may 
remain free of involvement. The authors 
believe that, when teaching or writing 
about endometriosis of the intestine, sur­
geons should not associate this entity 
unduly with periodic gynecologic com­
plaints. It is more likely to be encountered 
without such warnings during exploratory 
laparotomy. The gross operative appear­
ances, radiologic characteristics, and thera­
peutic features that distinguish intestinal 
endometriosis from carcinoma have been 
defined. The most useful single charac­
teristic is that invading endometrial glands 
leave intestinal mucosa intact. In one-half 
of our patients the affected bowel was re­
sected and, in one, recurrence followed. 
No patient had symptoms continuing after 
the menopause.
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R e s u m e
Les effets de l’endometriose varient avec le type 
dorgane envahi. Les implantations sereuses ten- 
dent a cicatriser, tandis que, dans le muscle ordi­
naire, elles provoquent une hyperplasie conside­
rable sans cicatrice. Les adenomyomes, semblables 
a ceux qu on note dans la paroi uterine, peuvent 
se develop per dans la musculature de tout organe 
qui horde le basin.
Par plusieurs de ses caracteristiques, l ’adeno- 
myome polypoide ou une boucle” du bord mesen- 
terique anterieur du sigmoide peut simuler un 
cancer. Sur 21 cas d endometriose intestinale chez 
des femmes, dont 20 ont ete vus a Vancouver de 
19ol a 1969, on posait generalement un premier 
diagnostic de cancer du sigmoide. L ’analyse des 
symptomes montre que la moitie des femmes ne se 
plaignaient pas de malaises gynecologiques et que 
peu dentre elles decrivaient des symptomes pou- 
vant avoir un lien avec l’intestin, chose assez eton- 
nante  ^ etant donne les masses volumineuses trou- 
vees, a la laparotomie. Cette disette de symptomes 
gynecologiques reflete la distribution de la lesion, 
les ovaires et d autres organes pelviens n’etant 
pas atteints. Les auteurs estiment que les profes- 
seurs dans leur enseignement et les chirurgiens 
clans leure articles sur 1 endometriose intestinale 
devraient eviter d etablir un lien entre cette entite 
et les malaises gynecologiques periodiques. L ’endo­
metriose intestinale sera deeouverte la plupart du 
temps’ an cours d’une laparotomie sans avoir 
donne d’avertissements. Les auteurs decrivent 
1 apparence macroscopique de l’endometriose in­
testinale lors de 1’operation, ses caracteristiques 
radiologiques et ses modes de traitement permet- 
tant de la distinguer du cancer. La notation la plus 
utiJe est que les glandes de l endoinetre laissent 
mtacte la muqueuse intestinale. Chez la moitie de 
nos patientes, nous avons reseque l’intestin lese: il 
n y eut qu un sciil cas de recidive. Aucune des pa­
tientes n a presente de symptomes apres la meno­
pause.
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R E P L A C E M E N T  O F  T H E  E SO PH AG U S BY C O L O N  IN  IN FAN TS
A N D  C H IL D R E N '
COLIN C. FERGUSON, M.D., F.R.C.S.JC], Winnipeg, Man.
D espite  recent advances, esophageal re­
placement in infants and children for both 
congenital and acquired disease remains a 
difficult problem in surgical management. 
Many procedures have been described, in­
cluding those using the antethoracic, retro­
sternal, and transpleural routes; stomach, 
jejunum, colon and skin grafts have all 
been used for esophageal replacement. 
This paper describes 12 patients in whom 
the esophagus was replaced by colon to 
treat esophageal atresia, severe lye stric­
ture, or esophageal varices.
C ase R eports
Esophageal Atresia With
Tracheoesophageal Fistula
Case 1 - L.T., a baby girl, born in March 
1963 weighing 2410 g., had duodenal atresia 
and esophageal atresia with distal tracheo­
esophageal fistula. Initially duodenojejunos­
tomy and a feeding gastrostomy were per­
formed. A few days later a thoracotomy was 
done. The distance between proximal and 
distal esophageal segments was such that eso­
phageal anastomosis appeared impossible and, 
accordingly, the tracheoesophageal fistula was
Fig. L —Replacement of esophagus using the right colon via the retrosternal route. Through a 
right paramedian incision, the right colon (and terminal ileum if required) is freed up on a pedicle 
of the middle colic artery. An ileal-transverse colon anastomosis is performed The colon and 
its pedicle are then brought up behind the stomach through an extrapleural retrosternal tunnel into 
the left neck in an isoperistaltic position. The distal colon is anastomosed end-to-side to the stomach. 
An immediate or delayed end-to-end anastomosis of colon (or ileum) to cervical esophagus completes 
the procedure.
closed and a cervical esophagostomy was per- 
°From the Departments of Surgery The Chil- forme(J j n O ctober 1964, when the child was 
dren’s Hospital and the University of Manitoba, a retrosternal colon replace-
Wmmpeg, Man.
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ment1 with a primary anastomosis to the 
esophagus in the neck was carried out (Fig. 
1). She made an uncomplicated recovery and 
since then the cervical anastomosis has re­
quited dilatation only once. The child is now 
6 years old and doing well despite a con­
genital bilateral renal anomaly which was dis­
covered subsequently.
Case 2.—A.F., a female infant, weighed 
2300 g. when born in November 1963. Be­
cause she had duodenal atresia and esopha­
geal atresia with distal tracheoesophageal 
fistula, a duodenojejunostomy with a gastros-
Fig. 2.—Replacement of esophagus using the 
Iteft transverse colon via the left transpleural route, 
through a left thoracotomy made in the sixth 
interspace, a peripheral semicircular diaphrag­
matic incision is made. The left transverse colon 
is freed up on a pedicle of the left colic artery 
and an end-to-end colon anastomosis is per­
formed. The colon segment, and its pedicle, is 
then brought up into the chest behind the 
pancreas, the splenic artery and vein via a small 
incision in the diaphragm adjacent to the eso­
phageal hiatus. The distal esophagus is then dis- 
sected out preserving the vagus nerves and a 
clistat colon-to-esophagus anastomosis is done. The 
colon segment is then brought up posterior to the 
left lung through a tunnel macfe from the neck 
into the pleural dome of the left chest. To accom­
modate the colon this tunnel is progressively di­
lated using Hegars dilators. The operation is then 
completed by repairing the diaphragm, closing the 
chest with drainage, and by anastomosing the 
colon end-to-end to cervical esophagus. If the 
circulation to the distal colon segment is to anv 
extent impaired, it is best to delay the latter 
anastomosis for one to two weeks.
tomy was performed. There was a wide gap 
between esophageal segments and, at a 
second operation, the tracheoesophageal fistula 
was closed and a cervical esophagostomy per­
formed.
At the age of 22 months, a transthoracic 
colon replacement using the technique 
described by Waterston2 was done (Fig. 2) 
Since then the child, now 6 years old has 
been able to swallow liquids and soft solids 
fan-ly well, although the upper anastomosis 
has required dilatation on 12 occasions
c - u o t :  o .XT . -  ---------gin, was born
in November 1965 with esophageal atresia 
and distal tracheoesophageal fistula. The 
radiographs demonstrated a wide gap between 
the esophageal segments. Initially a gastros­
tomy was performed under local anesthesia 
and continuous suction used to keep the upper 
esophageal pouch relatively free of salivary 
spill-over. Daily bougienage was instituted to 
lengthen the upper esophageal segment. Ten 
days later a transthoracic closure of the 
tracheoesophageal fistula was done and, under 
moderate tension, a primary esophageal anas­
tomosis was performed. On the fifth post­
operative day the esophageal anastomosis 
broke down and the infant developed a right­
sided tension pyopneumothorax. The baby 
was returned to the operating room, where 
the distal esophageal segment was closed and 
a cervical esophagostomy performed. After a 
stormy postoperative course the baby recov­
ered. She returned seven months later for 
colon replacement.
In June 1966 we did a transthoracic colon 
replacement with a delayed colon-to-cervical 
esophageal anastomosis. An anastomotic leak 
occurred which healed with a stricture. This 
was dilated 11 times without significant relief 
and subsequently a reanastomosis was done 
in the neck. This girl is now 4 years old and 
is thriving on a soft solid diet.
Case 4 - In December 1966 on the second 
day o f life we recognized that S.S., a 1820-g. 
male infant, had esophageal atresia with distal 
tracheoesophageal fistula. Because of pre­
maturity and an associated congenital heart 
lesion we decided upon a staged repair as 
described by Holder, McDonald and Woolley.3 
Accordingly, a gastrostomy was done and a 
rehopleural ligation of the tracheoesophageal 
fistula performed. During the procedure the 
child suffered a cardiac arrest, but was re­
suscitated, and after the operation was placed 
on intratracheal-assisted ventilation. When
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the child’s pulmonary status initially im­
proved then deteriorated, it became apparent 
that the tracheoesophageal fistula had either 
recurred or had not been closed completely. 
On the tenth day after operation this seriously 
ill infant was returned to the operating room, 
where the tracheoesophageal fistula was di­
vided, the tracheal opening sutured, the distal 
esophagus closed and a cervical esophagos- 
tomy performed. The baby s condition re­
mained critical for weeks and he required 
ventilatory support via a nasal intratracheal 
tube for 48 days. Eventually he recovered 
and was sent home on gastrostomy feedings 
and sham feeds by mouth for 12 months.
In December 1967 we did a transthoracic 
left colon replacement and, one week later, a 
colon-to-cervical esophageal anastomosis. A 
stricture developed at the upper anastomosis, 
but it responded to seven dilatations. On one 
occasion the child required esophagoscopy for 
the removal of impacted food but now, at 4 
years of age, he is swallowing a near-normal 
diet without significant difficulty.
Case 5 .-S .L ., a baby girl, weighed 2560 g. 
at birth in January 1968. Within the first 24 
hours of life her physician recognized that she 
had an esophageal atresia with a wide gap, 
and a distal tracheoesophageal fistula. A 
gastrostomy was performed. Through a light 
thoracotomy the fistula was divided, the di­
vided ends were closed, and then a ceivical 
esophagostomy was done. In April 1969, at 
the age of 15 months, a transthoracic colon 
replacement was carried out. After four dila­
tations a stricture at the upper anastomosis 
has improved although, on two occasions, she 
has required esophagoscopy for the removal 
of impacted food.
Case 6.-E .W ., a female infant born in 
April 1968, weighed 2730 g. At 48 hours ol 
age a diagnosis of esophageal atresia and 
distal tracheoesophageal fistula was made. The 
fistula was closed and a primary esophageal 
anastomosis was accomplished without dif­
ficulty. On the fifth day after operation, how­
ever, a major anastomotic breakdown occuired, 
and at that time a gastrostomy was performed 
the distal esophagus closed and a cervical 
esophagostomy was established.
At the age of 10 months (February 1969) 
a transthoracic colon replacement with a de­
layed colon-to-cervical esophageal anastomosis 
was done. The child soon started to take all 
feedings by mouth, was discharged for a three- 
week period, and then returned with aspira­
tion pneumonia. A barium esophagogiam le-
Fig. 3.—Case 6. Barium esophagogram showing 
a fistula from the colon replacement into the lett
main bronchus.
vealed a fistula between the colon replacernent 
and the left main bronchus (Fig. 3 ) . lhe 
colon replacement was excised, the b r o n c h ia l  
opening closed, the distal esophagus was 
closed, the cervical esophagostomy w as re­
established and gastrostomy feedings v^ere 
reinstituted.
In October 1969 a repeat colon rep lace­
ment was inserted using the retrosternal route. 
Because we suspected that a vagotomy b a d  
been done when the previous colon rep lace ­
ment was resected, we also did a pyloroplasty. 
After the repeat replacement, this child h a d  a 
difficult time with an anastomotic leak in l 1* 1 
neck and in February 1970 she was only b e ­
ginning to swallow. While her gastrointestinal 
transit time is prolonged, the child does n<>t 
show evidence of the malabsorption describe 
by Loubimo, Pasila and Visakorpi.4
Isolated Esophageal Atresia
Case 7 .-D .M ., a baby girl, was born i»> 
March 1960 and weighed 2090 g. On th e  
third day of life a diagnosis of esophageal 
atresia was made and a cervical esophagos- 
tomy and gastrostomy were performed. T h e
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child thrived on gastrostomy feedings and was readmitted in March 1961 at which time a retrosternal colon replacement was carried out. Leakage at the cervical anastomosis re­quired two revisions. She has required seven dilatations and, on three occasions, esophago- scopy for the removal of a foreign body or impacted food. Now 10 years old, this girl is small for her age, but swallows a soft diet without handicap.
Case 8.—D.R., a baby girl, was born in January 1961 and weighed 2260 g. She had an isolated esophageal atresia which was recognized within the first 24 hours of life. After a gastrostomy was done, an operative gastrogram and distal esophagogram (Fig. 4) revealed a short distal esophageal segment which precluded primary esophageal anasto­mosis. Hence, a cervical esophagostomy was performed.
In December 1961, when she was 11 months old, we did a retrosternal colon re­placement with a primary eolon-to-cervical esophageal anastomosis. A stricture developed in the neck which did not improve after four dilatations and required revision. Six months later this child developed stasis in the colon replacement and this required revision of a stricture at the lower colon-to-stomach anas­tomosis. Now 9 years old, she is swallowing a near-normal diet without difficulty.
Fig. 4.—Case 8. Operative gastrogram and distal esophagogram in a patient with the usual short distal esophageal segment found in isolated esophageal atresia.
Fig. 5.—Case 10. Barium esophagogram show­ing extensive esophageal stricture with saccula- tions due to a lye bum.
Case 9.—V.W., a 2000-g. female infant, was born in February 1965. Early in the newborn 
period she was found to have an esophageal atresia without a fistula, and a feeding gastro­
stomy and a cervical esophagostomy were per­formed. In December 1966 a retrosternal colon replacement with a primary colon-to- cervical anastomosis was carried out. Because of an acute angulation at the upper anasto­mosis, a revision was required, which healed with a severe stricture. A further revision was subsequently required. The child has required 22 dilatations but now, at 6 years of age, she is swallowing solids with only slight difficulty.
Lye Stricture
Case 10— In 1959 D.P., a 2-year-old Indian girl, swallowed lye. Dilatations were per­formed at frequent intervals, initially with
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improvement, but subsequently her difficulties 
increased. By March 1962 a barium esophago- 
gram (Fig. 5 ) showed multiple areas of stric­
ture with sacculation extending from the cervi­
cal esophagus down to the cardia. In April
1962 we did a retrosternal right colon re­
placement. The upper end of the replacement 
was joined to the cervical esophagus just 
below the pharynx by a primary anastomosis 
and the distal cervical esophagus was closed. 
The distal end of the colon segment was anas­
tomosed end-to-side into the upper stomach 
and a Stamm gastrostomy was performed. 
This girl, now 13 years old, required 11 dila­
tations of the upper anastomosis, but now is 
swallowing a normal diet without difficulty.
Case 11.—P.N., a 9-year-old boy, acciden­
tally swallowed lye. Esophageal dilatations 
were initially successful, but were abandoned 
when the family immigrated to this country. 
When swallowing became virtually impossible, 
his parents again sought medical aid, but dila­
tations were extremely difficult, and in July
1963 the esophagus was perforated. A gastro­
stomy was performed and, after a critical 
period of several weeks, his mediastinitis re­
solved after intensive antibiotic therapy and 
drainage.
In December 1963, because the barium 
esophagogram showed the upper esophagus to 
be of normal calibre to the level of the aortic 
arch, we performed a right transthoracic ex­
cision of the esophagus and replaced it by a 
segment of transverse colon. More of the 
upper esophagus was found to be strictured 
than the roentgen examinations had suggested 
and the anastomosis in the chest was under 
moderate tension. A pyloroplasty was also per­
formed.
On the tenth postoperative day the upper 
anastomosis broke down and he developed a 
tension pyopneumothorax. The chest was re­
entered, the colon segment was closed over 
and a cervical esophagostomy performed. His 
recovery was complicated and slow but 
eventually was complete. In November 1964 
we did a new retrosternal colon replacement. 
He needed eight dilatations to the upper 
anastomosis but now, at 20 years of age, this 
young man can swallow a well-chewed normal 
diet without significant difficulty.
E sophagea l V arices
Case 12.—In 1953 D.V., an 11-year-old boy, 
was first admitted to the Children’s Hospital, 
Winnipeg, after two massive episodes of 
hematemesis. Esophageal varices were visu­
alized, liver function studies were normal and
an extrahepatic portal vein obstruction was 
demonstrated by splenovenogram. W e did a 
splenectomy with an end-to-side splenorenal 
vein shunt.
The boy did well for two years then over 
the next eight years he suffered repeated 
bouts of hematemesis with increasing fre­
quency. Blood transfusions were necessary 
during each episode and he had transfusion 
reactions and one episode of serum hepatitis.
In 1963, as recommended by Koop and 
Roddy,5 the lower one-half of the esophagus 
and the upper end of the stomach were re­
sected. We interposed a segment of transverse 
colon and carried out a pyloroplasty. In the 
seven years since this operation, the patient 
has swallowed normally and to date has not 
had a recurrence of his esophageal bleeding.
D iscussion
E sophageal A tresia W ith Distal
T racheoesophagea l Fistula
Everyone concerned with the manage­
m ent of newborn infants with this abnor­
m ality agrees that the most satisfactory 
method of treatm ent is closure of the 
tracheoesophageal fistula and primary 
anastomosis of the esophageal segments. 
Even small prem ature infants or babies 
w ith an apparently insurmountable dis­
tance betw een esophageal segments can 
eventually undergo successful esophageal 
anastomosis by means of staged proce­
dures, i.e. feeding gastrostomy and closure 
of the tracheoesophageal fistula, followed 
by bougienage to lengthen the upper eso­
phageal pouch, and, in three weeks or 
m ore, a delayed primary esophageal anas­
tomosis. Even though this method is 
technically difficult, requires a prolonged 
hospital stay, and demands constant expert 
nursing care, the outcom e when successful 
is eminently m ore satisfactory than eso­
phageal replacem ent.
W hen major esophageal anastomotic 
breakdow n occurs, however, it becomes 
mandatory to close the distal esophagus 
and to perform  a cervical esophagostomy. 
F o r  the subsequent esophageal replace­
m ent the most satisfactory approach in our 
experience is the left transthoracic route 
using the left transverse colon. The distal 
esophagus is preserved thus maintaining 
the function of the cardioesophageal
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sphincter. This operation also permits the 
most direct end-to-end anastomosis of the 
colon replacement to the cervical eso­
phagus deep in the neck.
Esophageal Atresia
Although the esophagus will have to be 
replaced in most infants born with this ab­
normality because the esophageal ends 
are widely separated, in a few the lower 
esophageal segment is longer than ex­
pected. Thus they may be treated by 
bougienage to lengthen the upper eso­
phagus and delayed primary anastomosis 
as reported by Howard and Myers.8 There­
fore, in all cases of isolated esophageal 
atresia, the distal esophageal segment must 
be measured accurately before committing 
the baby to a cervical esophagostomy. In 
my opinion this is best done by perform­
ing an operative gastrogram and distal eso- 
phagogram with the baby in the Trendel­
enburg position. If the esophageal gap 
precludes primary anastomosis, even when 
staged, then cervical esophagostomy fol­
lowed by left transthoracic colon replace­
ment provides the most satisfactory treat­
ment.
Lye Strictures
Most burns of the esophagus due to the 
swallowing of corrosive liquids can be suc­
cessfully managed by steroids, antibiotics, 
and repeated dilatations. Occasionally, 
however, dilatations become impossible or 
fail to relieve the strictures, thus making 
esophageal replacement necessary. Before 
undertaking replacement, the surgeon must 
determine the extent of the lesion so that 
as much normal esophagus as possible can 
be salvaged. If the length of the stricture 
precludes local excision and primary anas­
tomosis, resection of the damaged eso­
phagus and transthoracic replacement by 
colon offers satisfactory management.
Esophageal Varices
Undoubtedly the best method of pre­
venting hemorrhage from esophageal var­
ices is to reduce the portal hypertension by 
a functioning shunt from portal system to
caval system. Since, in children, the ob­
struction is usually extrahepatic and in the 
main portal vein, the shunts available are 
splenorenal, or superior mesenteric vein to 
inferior vena cava. Because in small chil­
dren these veins are correspondingly small, 
the surgeon may not achieve continued 
patency of the shunts. With recurrent 
hematemesis, several choices in manage­
ment are available: gastric transection as 
described by Tanner,7 transesophageal 
ligation (Crile8), esophagogastrectomy 
(Phemister and Humphreys9), injection of 
sclerosing agents (Crafoord and Frenck- 
ner10) and colon interposition. In the one 
patient reported in the present series, re­
placement with colon has been successful 
for a period of seven years. The surgeon 
should also avoid the administration of 
aspirin which, at least in some patients, 
appears to precipitate bleeding.11
Su m m a r y
In 12 children the esophagus was re­
placed with colon; in nine, because of eso­
phageal atresia with or without associated 
distal tracheoesophageal fistula, in two be­
cause of severe lye strictures and in one 
because of esophageal varices. W e used 
both retrosternal and transthoracic routes 
but prefer the transthoracic route as de­
scribed by Waterston because, with this 
procedure, normal cardioesophageal sphinc­
ter function is preserved and we can 
achieve direct deeply situated anastomosis 
in the neck. Complications, which have 
been frequent, include anastomotic break­
down, stricture, fistula between colon re­
placement and bronchus, and obstruction 
by foreign bodies. Two patients required 
a repeat replacement of the colon, five 
needed a revision of the cervical eso- 
phagus-to-colon anastomosis, and one had 
a revision of the colon-to-stomach anasto­
mosis.
Despite the many surgical difficulties 
encountered in this series of patients, all 
have survived and now are swallowing 
without serious handicap.
I wish to thank Drs. J. Barwinsky, F. Duval, 
J. Graham and L. Whytehead for permission to 
include their patients in this report.
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R esum e
Chez 12 enfants, nous avons remplace l’ceso- 
phage par du tissu de colon. Parmi ces patients, 
on en comptait neuf qui avaient une atresie ceso- 
phagienne avec ou sans fistule tracheo-oeso- 
phagienne distale, deux qui avaient une stenose 
severe causee par ingestion d’alcali caustique et 
un autre qui presentait des varices oesophagiennes. 
Nous avons utilise les deux voies d’abord (retro- 
sternale et transthoracique), mais nous avons 
prefere la derniere voie decrite par Waterston, 
parce que ce type d’intervention conserve la func­
tion normale du sphincter cardia-oesophagien et 
permet de realiser une anastomose directe situee 
profondement dans le cou. Les complications, 
frequentes, comprenaient des ruptures de l’anasto- 
mose, des retrecissements, des flstules situees 
entre la region de substitution et les bronches et 
des obstructions par des corps etrangers. Chez 
deux patients, il a fallu reprendre le remplace- 
ment du colon. Chez cinq enfants, nous avons du 
reprendre l’anastomose cervicale oesophage/colon 
et chez un autre l’anastomose colon/estomac.
Malgre les nombreuses difficultes rencontrees 
dans ce groupe de malades, tous ont survecu et 
peuvent maintenant avaler sans handicap serieux.
BRONCHOGENIC CYSTS OF 
MEDIASTINUM
Bronchogenic cysts of the mediastinum 
represent less than 5% of all mediastinal 
masses in children. Particularly in the infant 
such cysts are often not visible on plain films; 
nevertheless they can cause severe respiratory 
distress because of extrinsic airway compres­
sion, usually of the left main stem bronchus. 
Ten such patients were reviewed; six were 
less than 6 months old and seven were in 
respiratory distress on admission. In none of 
the 10 patients was the correct diagnosis 
made before operation. In fact, in four the 
presence of a mediastinal mass was not even 
appreciated.
Chest roentgenograms showed either severe 
hyperaeration, areas of collapse, atelectasis of 
an entire lung, or a mediastinal mass. Com­
plete obstruction of a bronchus in utero can 
lead to retention of fetal fluid within the lung, 
which may be mistaken for a pulmonary
tumour. Other erroneous diagnoses were: con­
genital lobar emphysema, cystic hygroma of 
the mediastinum, bronchial stenosis, pneu­
monia, and spontaneous pneumothorax. The 
most helpful and safe maneuver in reaching 
the correct diagnosis was a barium swallow. 
This study helps to establish the cause of 
localized airway obstruction and prevents both 
an unnecessary delay in treatment and un­
necessary operation.
Eight of the 10 infants were operated upon, 
and, of the eight, seven survived. The two 
infants who were not operated upon both 
died. At operation the posterior mediastinal 
pleura should be incised and the proximal 
main stem bronchus identified. The cysts are 
firmly adherent to the membranous portion of 
the bronchus or trachea, but by careful dis­
section the cyst can be removed without in­
jury to the tracheobronchial tree.—Eraklis, 
A. J., Griscom, N. T. and McGovern, J. B.: 
Bronchogenic cysts of mediastinum in infancy, 
N ew Eng. J. Med., 281: 1150, 1969.
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E C TO PIES C E R E B E L L E U SE S (SOUS-GROUPE D U  CH IARI I). 
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NEUROCHIRURGICAL®
S. N. MARTINEZ, M.D., F.R.C.S.[C], C. BERTRAND, M.D., F.R.C.S.fC],
J. L. LEGER, M.D., S. LANGIE, M.D. et P. J. MATHIEU, M.D., Montreal, Que.
L orsque Arnold rapporta en 18941 la serie 
de ses cas de malformation cranio-medul- 
laire, il mit l’accent sur Fhydrocephalie, 
l’elongation du tronc cerebral et surtout la 
projection du cervelet et des amygdales 
cerebelleuses, dans le rachis cervical. Les 
publications de Chiari,2 en 1891 et en 
1896, faisaient aussi mention de la 
descente bulbo-cerebelleuse dans le canal 
cervical, provoquant une perturbation du 
transit normal du liquide cephalo-rachi- 
dien, avec comme consequence, une hydro- 
cephalie. Schwalbe,3 quelques annees plus 
tard, reunit ces deux syndromes sous le 
nom de malformation d’Arnold-Chiari. Par 
la suite, ce sujet suscita des nombreuses 
publications qui faisaient decouvrir un 
facteur etiologique dysraphisme ou du 
rachisis, associe a syndrome. Russell,4 Pen- 
field et Coburn,5 insistent sur la relation 
etroite entre la malformation d’Arnold- 
Chiari et la presence eventuelle dune 
meningo-myelocele, d’une meningocele ou 
encore d’une spina bifida. De leur cote, 
Schwalbe et Gredig6 insistent sur le fait 
que Fhydrocephalie peut manquer dans 
certains cas. Ces constatations sont con­
firmees plus tard par Aring,7 Adams, 
Schatzki et Scoville8 et par Bucy et Lich­
tenstein.9 Ebenius,10 associe les malforma­
tions d’Arnold-Chiari a la platybasie. 
Garcin et Oeconomos11 font mention de 
malformations osseuses au niveau de la 
charniere occipito-cervicale; bifidisme, as­
similation de l’atlas, invagination de la 
base du cr&ne, fusion des corps vertebraux.
Nous presentons id  l’etude de 11 pa­
tients. Dans tous ces cas, le symptome 
dominant etait la cephalee. Les caracteres
° Present e a l’assemblee regionale du College 
Royal des Medecins et Chirurgiens du Canada, 
Chicoutimi, octobre 1967.
Service Neurochimrgie, H6pital Notre-Dame, 
Montreal, Que.
Adresse pour reimpressions: Docteur S. N. Mar­
tinez, 1392 est, rue Sherbrooke, Montreal 24, 
Que.
specifiques de cette cephalee etaient les 
suivants: L a  topographie etait en occipito- 
cervicale. La cephalee augmentait lors du 
decubitus, lors des efforts et lors des mou- 
vements de flexion de la tete suivie d’ex- 
tension. Enfin, elle etait maximale le matin 
au lever.
L’etude de cette serie de cas nous a ap- 
pris que, si plusieurs patients presentaient 
les signes radiologiques classiques de mal­
formation de la charniere, d’autres n’en 
presentaient aucun. Mais tous presentaient 
cependant une ectopie des amygdales 
cerebelleuses qu’il etait possible d’identi- 
fier par l’examen neuroradiologique.
Chez quelques-uns des patients le quat- 
rieme ventricule etait abaisse, et pourtant 
dans tous nos cas les ventricules etaient de 
dimensions normales a la ventriculo- 
graphie. Nos 11 patients avaient eu des 
traitements medicaux varies sans succes 
durable et tous ont ete gueris de leurs 
cephalees par l’intervention chirurgicale 
de decompression posterieure. Dix de ces 
patients etaient des adultes entre 30 et 45 
ans. Un avait 14 ans.
O bserv a tio n s
Cas no I .—M.D.A., age de 42 ans, avait une 
histoire de traumatisme cranien 16 ans au- 
paravant avec perte de connaissance mais 
sans fracture, cephalees, diplopie et troubles 
de l’equilibre. Les cephalees sont diffuses, 
sourdes, a localisation parieto-occipitale. Elies 
augmentent lors des efforts de toux et en 
position couchee. La flexion de la tete suivie 
d’extension est douloureuse.
L’examen neurologique montre Romberg 
positif vers la droite, paralysie du droit ex- 
teme droit, nystagmus bilateral, une demarche 
hesitante, une chute a droite, une dysmetrie 
droite doigt-nez et talon-genou, une sensibilite 
superficielle et profonde normale, les reflexes 
normaux et le fond d’oeil normal.
L ’intervention, le 20 septembre, 1963 a 6te 
faite par decompression osseuse; ouverture de 
la dure-mere et ablation de l’amygdale cere- 
belleuse gauche. L’examen anatomo-patho-
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logique montre follioles cerebelleuses atro- 
phiques ou il ne persiste plus de cellules de 
Purkinje. La substance blanche est demyelini- 
see. Arachno'ide est adherente et epaissie avec 
signes de compression chronique.
Un an plus tard les cephalees sont dispa- 
rues. II y a une persistance d’une demarche 
ebrieuse avec elargissement du polygone de 
sustentation amelioree; aussi une persistance 
de la paresie du droit externe droit et du 
nystagmus dans le regard lateral.
Cas no 2 .—Depuis 3Vi mois, chez M.B.D., 
age de 45 ans, s’installe de fagon progressive 
une cephalee en se levant le matin, en se pen­
chant ainsi qu’au moindre effort. Les cephalees 
s’agravent au point d’empecher toute activite 
professionnelle.
L ’examen neurologique ne montre qu’un 
nystagmus horizontal au regard lateral vers la 
droite. L ’electroencephalogramme est normal. 
Au point de vue radiologique il n’y a pas de 
formation de la chamiere. Le pneumoence- 
phalogramme (PEG) montre hernie des amyg- 
dales cerebelleuses et absence de remplissage 
des ventricules. A l’iodoventriculographie les 
ventricules sont de dimensions normales. Le 
quatrieme est en situation normale mais se 
vide lentement. Arteriographie brachiale droite 
objective la position basse de la branche 
amygdalienne de la cerebelleu.se postero- 
inferieure.
Le 8 juin 1966 le patient a ete opere; on a 
fait la decompression de la chamiere osseuse 
et l’overture de la dure-mere sans ouvrir 
l’arachnoi'de. L ’examen cinq mois apres mon­
trait une disparition de la cephalee ainsi que 
du nystagmus.
Cas no 3 — M.C.G., age de 40 ans, prdsente 
depuis 10 ans des cephalees paroxistiques 
provoquees par les efforts et les mouvements 
brusques de la tete (flexion et extension) avec 
debut dans la region cervico-occipitale irradi- 
ant dans la region retro-orbitaire s’accom- 
pagnant de bourdonnements d’oreilles et de 
vision embrouillee. Il y a des episodes brefs 
et soudains de demarche ebrieuse. L’examen 
neurologique montre le fond d’oeil normal; 
les nerfs craniens normaux et la motricite 
normale. Les reflexes osteo-tendineux sont tous 
tres vifs. Il y a un Babinski a droite, mais 
pas de troubles cerebelleux.
Les examens radiologiques montrent une 
invagination de la base, l’assimilation de 
l’atlas, remphssage des ventricules lors du 
PEG, mais situation basse des amygdales 
cerebelleuses. Les ventricules sont de dimen­
sions et de situation normales et la vidange
est normale a Tiodoventriculographie. L’elec­
troencephalogramme est aussi normal.
Le patient a ete opere le 15 juillet 1967; 
on a fait la decompression osseuse et l’ouver- 
ture de la dure-mere.
Le specimen anatomo-pathologie montre 
des arachnoides epaissies. Dans la periode 
post-operatoire, il y a disparition des cephalees 
et regression complete du syndrome pyra­
midal.
Cas no 4 — M.C.D., age de 39 ans, a subi 
une exerese d’un epithelioma de plancher de 
la bouche avec evidement cervical deux ans 
plus tdt. Depuis deux mois, il se plaint de 
cephalees a l’effort et au lever avec vomisse- 
ments apparus plus tardivement.
L ’examen neurologique ne montre pas de 
troubles de la coordination. Il n’y a pas de 
nystagmus, pas de troubles de la motilite 
occulaire; pas d’oedeme papillaire.
Les examens radiologiques ne montrent pas 
d’anomalie de la chamiere. Il y a absence de 
remplissage des ventricules lors du PEG et 
hernie des amygdales cerebelleuses. La situa­
tion et la forme des ventricules sont normales 
a la ventriculographie. La gammaencephalo- 
graphie et 1’arteriographie brachiale demon- 
trent une malformation arterioveineuse de la 
region occipitale extraeranienne.
L ’intervention du 19 decembre 1966 a con­
sists en decompression osseuse et ouverture 
de la dure-mere, exploration des hemispheres 
cerebelleuses et biopsie cerebelleuse.
Anatomie pathologique montre des frag­
ments de cervelet d’aspect normal.
Dans la periode post-operatoire, le patient 
va tres bien et ne se plaint plus de cephalees. 
Il a repris son activite professionnelle. L ’exa­
men neurologique est strictement normal trois 
ans apres I’intervention.
Cas no 5.—M.A.A., un patient de 34 ans, se 
plaint de douleurs cervicales a la toux, avec 
irradiation a l’occiput, depuis environ sept 
ans. Il y a une histoire de traumatisme banal 
a la colonne cervicale 12 ans auparavant, sans 
sequelles immediates. Depuis deux mois, les 
douleurs sont devenues plus importantes. Elle 
sont causees surtout par la toux et par Teffort 
et toujours elles irradient a l’occiput venant 
de la region cervicale moyenne et haute. Les 
cephalees sont parfois si violentes qu’elles 
entra'inent quasi une perte de conscience.
L’examen montre un cou court, avec im­
plantation basse des cheveux et des douleurs 
a la pression locale de C l, C2 et C3. Les 
fundi sont normaux. Il n’y a pas de nystagmus. 
Les nerfs craniens sont normaux. La motricite, 
la sensibilite et les reflexes sont normaux.
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L’examen radiologique a montre une in­vagination basilaire, un amincissement de 1’arc posterieur de Fatlas, et Fabsence de remplissage des ventricules lors du PEG. 11 y a une hemie des amygdales cerebelleuses; les ventricules sont de dimensions normales a 1’iodoventriculographie, mais il y a une situa­tion basse et la vidange lente du quatrieme ventricule. L’electroencephalogramme montre une labilite anormale du rythme de fond et une dysrythmie lente sur les regions poste- rieures.
L’intervention du 10 novembre 1964 con- siste en la decompression osseuse et l’ou- verture de la dure-mere sans ouvrir l’arach- no'ide. Dans la periode post-operatoire le patient n’a plus de cephalees, meme a 1’effort. II a pu reprendre son travail a la fin de janvier 1965 et depuis il n’a aucun symptome.
Cas no 6.—Mile V.L., agee de 14 ans, pre­sen te depuis 10 mois, cephalees frontales ame- liorees par l’usage de verres correcteurs, puis recrudescence avec exacerbation a l’effort et au decubitus. Depuis huit mois, chutes occasion- nelles sur le trottoir sans raison. Les symp- 
tomes ne s’amendent pas avec le traitement medical. Il y a un mois, qu’elle remarque que sa jambe gauche la supporte de plus en plus mal et que les sensations tactiles n’y sont plus pergues. A l’examen, on trouve une ptose 
legere de la paupiere superieure gauche. Les pupilles sont egales, le nystagmus est hori­zontal. Les fundi sont normaux. On s’apergoit d’une legere inclinaison de la tete vers la gauche. Il y a une incoordination marquee surtout du membre superieur droit mais exis- tant aux autres membres. La demarche est ebrieuse. Il y a une perversion de la sensation tactile du membre inferieur gauche, une sensa­tion de brulure, un Babinski droit, les reflexes 
plus vifs a droite, mais pas d’anomalies de la charniere. Il y avait amincissement de 1’arc 
posterieur de l’atlas, absence de remplissage des ventricules lors du PEG, et hernie des amygdales cerebelleuses. Les ventricules etaient de dimensions et de situation normales lors de la ventriculographie gazeuse.
Le 29 juillet 1954 on a fait une decompres­sion osseuse; et l’ouverture de la dure-mere et ablation de 1 amygdale droite. L’examen ana- tomo-pathologique montre un specimen cere- belleux d aspect normal. L’arachnoi’de est epaissie et sclereuse; elle a perdu son aspect areolaire pour prendre un aspect plein.
Au depart, Fhemiparesite droite etait pra- tiquement disparue, mais il persistait encore des signes cerebelleux en voie de regression. La cephalee a cesse.
Cas no 7.—Mme E.B., agee de 34 ans, pre­sente depuis 12 ans douleurs lombaires et cephalees surtout au decubitus qui s’aggravent progressivement, des etourdissements lors- qu’elle se penche vers l’avant, des cephalees 
pulsatiles surtout frontales et generalement ac- compagnees d’epistaxis peu importante.
L’examen neurologique montre un nystag­mus rotatoire, une faiblesse discrete du mem­bre inferieur gauche, mais pas d’anomalies des reflexes. Du point de vue radiologique, il y avait une invagination basilaire, une occipitali- sation de 1’atlas, la fusion des corps vert^braux et des arcs posterieurs C2 et C3. Le diametre antero-posterieur du trou occipital etait dimi- nue. Il y avait absence d’injection ventriculaire et hernie des amygdales cerebelleuses lors du 
PEG. L’electroencephalogramme etait normal.
A l’intervention du 5 fevrier 1965 on a fait la decompression osseuse, l’ouverture de la dure-mere et la resection de l’amygdale cere- belleuse gauche.
A l’etude histologique on a trouve un frag­ment de tissu cerebelleux avec astrocytose de la couche moleculaire et absence presque complete de cellules de Purkinje et une fibrose hyaline de l’arachnoide. Les complications postoperatoires ont consiste en une pneumonie de la base droite, une arachnoi'dite par agent chimique (myelographie ancienne) et un acci­dent de type ischemique dans le post-opera­toire immediat (hemiplegie droite). Il y avait regression de Fhemiplegie mais persistance d’une position spastique pour laquelle elle a ete adressee a FInstitut de Rehabilitation. La cephalee est disparue. La regression du deficit pyramidal est presque complete.
Cas no 8.—Mme O.R., agee de 32 ans, souffre de cephalees depuis deux ans. Depuis, elle a des douleurs qui debutent a la region 
parieto-occipitale gauche. Les douleurs sont exacerbees par la toux, le rire, les efforts et les 
mouvements de la tete. Les douleurs sont de plus en plus importantes. L’examen neuro­logique est negatif.
L’examen radiologique montre une invagi­nation basilaire, absence de remplissage des ventricules lors du PEG, hernie des amygdales cerebelleuses, ventricules de dimensions et de situation normales lors de la ventriculographie. L’electroencephalogramme est normal.
L’intervention du 14 mars 1957 se compose de la decompression osseuse, ouverture de la dure-mere et resection souspial de l’amyg­dale droite. Il y a une complication de md- ningite aseptique. La patiente est re-examinee 11 ans plus tard.
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Examen neurologique est normal. La ce­
phalee est disparue.
Cas no 9.—Mme B.C., agee de 42 ans, pre­
sente depuis cinq ans une demarche ebrieuse.
11 y a ni d’antecedents de traumatisme, ni 
symptomes associes. La patiente reconnait n a- 
voir jamais ete solide sur ses jambes. II y a 
deux ans, elle a perte de connaissance s’ac- 
compagnant de bruit dans la tete. Les symp­
tomes ont etd accentues depuis le dernier ac­
couchement il y a un an. 11 n’y a pas d’oedeme 
papillaire; le nystagmus est surtout marque au 
regard vers la droite. II n’y a pas de dysmetrie, 
mais une ataxie et tendance a tomber du cote 
droit.
Les examens radiologiques montrent une 
invagination basilaire, une assimilation de 
l’atlas, une fusion C2 et C3, une absence de 
remplissage des ventricules lors du PEG et 
hernie des amygdales cerebelleuses. Les ven­
tricules sont normales de dimensions et de 
situation lors de la ventriculographie. L’elec- 
troencephalogramme est normal.
A l’intervention du 14 janvier 1965 on a 
fait la decompression osseuse, l’ouverture de 
la dure-mere et la resection souspial de 
l’amygdale droite.
L ’examen histologique montre que deux 
minuscules fragments preleves sont constitues 
de folioles cerebelleuses profondement modi- 
fiees, entourees par une arachno'idite fibreuse 
tres epaisse. Dans la periode post-operatoire 
la cephalee est disparue. La symptomatologie 
cerebelleuse persiste. La nystagmus persiste 
dans le regard vers la droite. II y a ataxie 
tronculaire et demarche ebrieuse.
Cas no 1 0 — Mme D.R., agee de 34 ans, est 
admise a l’Hopital Notre-Dame, Montreal, 
pour douleurs lancinantes a la region cervicale 
posterieure haute a maximum gauche. Le 
debut remonte a trois ans. Celles-ci se pre- 
sentent au corns de la joumee et une flexion 
de la tete vers l’avant provoque des etourdis- 
sements qui entraineraient la chute. Elle n’a 
pas d’histoire de traumatisme, aucune irradia­
tion de la douleur aux membres superieurs. 
L ’examen neurologique est negatif, si ce n’est 
une douleur nucale a la pression cervicale 
haute. La charniere est normale. II y a absence 
de remplissage des ventricules lors du PEG 
et hernie des amygdales cerebelleuses. Les 
ventricules sont normales de dimensions et de 
situation a l’iodoventriculographie, mais 
l’evacuation du quatrieme ventricule est lente. 
L ’electroencephalo gramme est normal.
A l’intervention le 8 novembre 1963 on fait 
la decompression osseuse, l’ouverture de la 
dure-mere et amputation des deux amygdales.
Dans la post-operatoire les cephalees sont dis- 
parues. L’evolution est normale sept ans apres.
C as no 1 1 — M. St.G.C., age de 34 ans, a ete 
examine en 1951 pom cephalees. II presente 
depuis une symptomatologie fruste de vision 
embrouillee, de cephalees occipitales a l’ef- 
fort, de troubles de l’equilibre et de vomisse- 
ments occasionnes par des changements de 
position de la tete.
L ’examen neurologique montre une discrete 
paresie du nerf sixieme gauche qui occasionne 
une diplopie dans le regard externe, un nys­
tagmus horizontal bilateral et une discrete 
hypotonie gauche et dysmetrie des membres a 
gauche.
L ’examen neuroradiologique montre la 
colonne cervicale normale, un amincissement 
de l’arc posterieur de C l, le crane normal. 
L’arteriographie brachiale droite est normale. 
Le pneumoencephalogramme ne montre pas 
d’injection ventriculaire. II y a une hernie des 
amygdales cerebelleuses descendant a C2. 
Iodoventriculographie demontre que le qua­
trieme ventricule descend un peu plus bas que 
la normale, mais sa partie inferieure est au- 
dessus du trou occipital. Le contraste dans la 
grande citerne descend a la partie posterieure 
des amygdales engagees jusqu’a la partie 
superieure de C3. L ’electroencephalogramme 
est normal.
A l’intervention le 5 aout 1968 on fait une 
craniectomie sous-occipitale, une laminectomie 
de C l-2  et partie superieure de C3. On ouvre 
la dure-mere sans ouvrir l’arachno'ide.
Dans la periode post-operatoire il y a une 
disparition complete des cephalees et vomis- 
sements ainsi que de la diplopie, mais le nys­
tagmus persiste. Le patient reprend ses acti- 
vites. Un an plus tard, disparition du nystag­
mus.
D iscussio n
Nous avons fait la revision de 11 cas 
d’alterations de la charniere, soit de l’en- 
veloppe osseuse, soit des elements rhom- 
bencephaliques. Ils presentaient un carac- 
tere commun qui etait d’ailleurs le m otif 
de la consultation. Il s’agissait d une 
cephalee occipitale influencee par le de­
cubitus, par le changement de position de 
la  tete et par l’effort.
Contrairem ent a la cephalee d’origine 
psychogen ique, elle etait plus forte le 
m atin au lever pour s’am eliorer ou 
diminuer pendant la journee, alors que le 
patient etait debout.
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X
X
Nous savons que Adams, Schatzki et 
Scoville8 avaient divise les symptomes qui 
accompagnent la  malformation d’Arnold- 
Chiari en quatre groupes: (1 ) Ceux qui 
resultent d’une hypertension intra-cra- 
nienne, soit d'cedeme papillaire ou la 
cephalee; (2) Ceux qui evoquent une at- 
teinte des demiers nerfs craniens; (3) 
Signes pyramidaux ou sensoriels resultant 
dune compression du tronc cerebral ou de 
la moelle; et ( 4 )  Troubles cerebelleux, 
ataxie ou troubles de la coordination.
Chez nos 11 patients, Fhypertension 
intra-cranienne eta it absente (tableau I). 
L’atteinte des nerfs craniens predomine au 
huitieme vestibulaire alors que la nystag­
mus etait retrouve chez six de nos patients.
Un cas presen tait une paresie du droit 
externe droit et un autre du droit externe 
gauche. Un autre, une ptose palpebrale 
discrete, mais aucun n’avait une atteinte 
des nerfs mixtes ou des derniers nerfs 
craniens. Le deficit pyramidal etait present 
chez trois de nos patients et un presentait 
des troubles sensitifs avec une tonalite de 
dysesthesie ou hyperpathie dans un mem­
bre inferieur.
Deux de ces patients presentaient une 
douleur intense a la pression des apo­
physes epineuses de la colonne cervicale 
haute, se projetant en occipital.
Quelques-uns d e ces patients presen­
taient des nausees et quelquefois des 
vomissements au paroxysme de la cephalee 
au moment ou il semble exister une irrita­
tion de type vagal.
S c h e m a  R a d i o l o g i q u e
La revision du tableau II nous permet 
de constater qu’il y  avait malformation de 
la charniere dans six cas; assimilation de 
Fatlas et invagination dans quatres de ces 
cas. Un de ces patients presentait aussi 
une fusion des deuxieme et troisieme ver- 
tebre cervicale avec spina-bifida chez un 
autre. Un patient presentait uniquement 
une invagination de la base du crane. 
Cinq patients ne presentaient aucune mal­
formation de la charniere osseuse.
L’amincissement de Fare posterieur de 
 ^ Fatlas, evocateur d’une pression chronique 
■| a ce niveau a ete retrouvee chez trois de 
j1 nos patients, dont un etait celui qui pre- 
[*< sentait une invagination de la base seule-
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TABLEAU II. — S e m e i o l o g i e  N e l t r o r a d i o l o g i q u e
Case no. 1 2 3 4 5 6 7 8 9 10 11
Assimilation atlas + - + — — — + — + —
Invagination + + — + — + + + — —
Fusion C2-C3 on 
spina bifida — — — — — + — + — —
Aminciss ement 
de l’arc p sterieur 
atlas + + +
Absence de reni-
plissage ventri- 
eulaire au PEG + + — + + + + + + + +
Engagement des 
amygdates au 
PEG. + + d c + + + + + + + +
V olume des E i’atati n
ventricules O Normal m derfie Petits Normal N ormal O o Normal N ormal Normal
Situation basse 
IVe ventricule 0 — — 0 + — 0 0 + + —
Vidange lente 
IVe ventricule 0 + — () + + 0 0 — + -
Arteriographie 
vertebrale via
brachiale de- 
scente cer^belleuse 
postero-inferieure) O + 0 + 0 0 + 0 O 0 +
+  =  present;—  = absent; 0 =  n’ont pas d’examen.
Fig. 1.—Image typique du PEG montrant au niveau de la fleche la presence d’air delimitant 
la partie posterienre de la grande citeme et l’absence totale d’air dans les ventricules.
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Fig. 2.—Iodoventriculographie montrant la taille normale des ventricules et la projection discre- 
tement basse du quatrieme ventricule 24 heures apresl’injection du contraste.
ment et les deux autres ne presentaient 
aucune alteration de la charniere.
Les examens complementaires neuro- 
radiologiques qui ont ete faits, etaient le 
crane simple, la tomographie de la char­
niere, la pneumoencephalographie, l’iodo- 
ventriculographie, et Farteriographie bra- 
chiale.
Chez 10 de nos patients, il y avait une 
absence totale de remplissage ventricu- 
laire au PEG. Un de nos patients avait des 
ventricules injectes de taille et de position 
normales. L’engagement des amygdales 
cerebelleuses etait present chez les 11 pa­
tients (fig. 1). Le volume des ventricules 
lateraux etait a peine augmente chez un 
patient. Par contre, chez tous ceux qui ont 
eu une ventriculographie, c’est-a-dire sept, 
les ventricules etaient de taille normale.
La situation discretement basse du qua­
trieme venticule a ete trouvee chez quatre 
de nos patients (fig. 2). Un detail qui a 
attire notre attention, etait la lenteur de 
l’evacuation du produit de contraste au 
niveau du quatrieme ventricule, a l’iodo- 
ventriculographie; quatre de nos patients 
presentaient ce phenomene.
L ’arteriographie brachiale nous a ete 
utile: trois de nos patients (fig. 3) mon- 
traient une projection basse de la branche 
amygdalienne de la cerebelleuse postero- 
inferieure, pouvant confirmer la presence 
dun engagement des amygdales.
Fig. 3.—Arleriographie brachiale droite qui 
montre la position extracranienne de la branche 
amygdalienne de l’artere cerebelleuse postero- 
inferieure signe typique d’une ectopie cerebelleuse 
(courtoisie de departement de radiologie de 
1’Hdpital St-Luc de Montreal).
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T A B L E A U  I I I .  M e m en to  O p e r a t o ir e
Cas no. 1 2 3 4 5 6 7 8 ,9 10 11
P o s itio n  assise, tfite 
16gferement A rc h ie + + + + + + + + + + +
T r e p a n  p o u r  a igu ille r 
v e n tric u le  p e r o pe rato ire 0 + () + O + + + 0 0 +
Im p o r ta n c e  de la  de­
co m pressio n osseuse: 
R e b o r d  o c c ip ita l + + + + + + + + + + +
L a m e  p o s t-a tla s + + + 4 * + + + + + + +
L a m e  axis + () + B o r d  s u p 6 ric u r B o r d  s u p e rie u r + + — + +
L a m e  C 3 + 0 + 0 0 — + — +
R e s b e c t a ra c h n o id e  
lors o u v e r tu re  de d u re - 
mfere + + + + + + + + + + +
O u v e r tu r e  ta r d iv e  
arach n o id e + + + + O + + + + + 0
+  =  p o s itif ; ( )  =  n e g a tif.
TABLEAU IV.— M em en to  O peratoire
1 2 3 4 5 6 7 8 9
10 11
Importance hernie 
amvgdalienne
Droite C3, 
gauche C2
Droit, 
gauche C2
C2 Droit, 
gauche C2
Amygdale Droite,
droite normale, gauche C2
amygdale
gauche pas de
sillon vers
cervelet
Droite, 
gauche C2
Droite C3- 
arcs poster* 
ieurs
amincissement
Bord infcrieur 
02
Bord
superieur C3 
bilateral
Bord
superieur C3 
bilateral
Adh6rences dure- 
mere et 
arachnoide
A la gauche Fort d6velop- 
pement
Anneau fibreux Adherence 
d ’etranglement
Trace de bride 
arc post6rieur 
atlas
Nomb reuses
adh^rences
laches
Bourrelet 
apparent, arc 
posterieur 
gauche
Pas
d ’adh6rence
Adherence 
bord inf6rieur 
des deux 
amygdales
Pas
d ’adherence
Adherence au 
bord inf^rieur 
des deux 
amygdales
Aspect amygdale Gauche fibre 
adherent, 
droit 
atrophie
Etal6es con­
nections 
entre moelle 
et amygdale
Petites 
atrophies 
blanch litres 
peu vasculaire
Congestion 
veineuse a 
l ’attache 
des amygdales
Normal, non 
blanc, nacre
Normal Art^re 
c6r6belleux 
post^ro- 
infdrieur. 
Gauche grosse, 
droite petite
Normal Lis6r6 et
adh6rence-
atrophie
Ablation amygdale Gauche 0 O O 0 Ablationdroite
Gauche
partielle
Ablation
droite
Gauche 0 , 
droit 4-
Gauche + ,  
droit - f
0
Fermeture dure- 0 Fermeture
partielle
0 0 0 0 Fermeture 0 0 0 0
Complications 0 0 0 O 0 0 Pneumonic base droite, 
arachno'idite
Meningite
aseptique
0 0 0
O = negatif; +  = positif.
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Fig. 4.—Iodoventriculographie montrant la projection du quatrieme ventricule et Fevacuation 
lente de celui-ci; notez aussi la fagon comme le contraste dessine l’amygdale engagee remplissant !a 
grande citerne jusqu’a la limite superieure de C3.
faite suivant Importance de Fectopie des 
amygdales.
L’exerese du rebord du trou occipital de 
Fare posterieur de Fatlas et du bord supe- 
rieur C2 a ete pratiquee dans les cas 4, 5, 
7 et 10, soit 4 et 10 avec une charniere 
normale et 5 et 7 avec invagination de la 
base du crane. Tous presentaient une ab­
sence de remplissage des ventricules au 
PEG. Le dixieme cas (fig. 4) avait un 
quatrieme ventricule abaisse et une len- 
teur d’evacuation a Fiodoventriculographie.
L’exerese du rebord du trou occipital et 
de Fare posterieur de Fatlas a ete pra­
tiquee dans les cas 2, 6 et 9. Les cas 2 et 
6 ne presentaient pas de malformation de 
la charniere mais cas 6 avait un amincisse- 
ment de Fare posterieur de Fatlas. Le cas 9 
presentait tous les elements d’un Arnold- 
Chiari presque typique. Assimilation de 
Fatlas, platysbasie, fusion de C2 et C3, 
bifidisme de Fatlas, situation basse du 
quatrieme ventricule, lenteur dans Feva­
cuation de contraste dans le quatrieme 
ventricule; le seul element qui manquait 
etait Fhydrocephalie.
Dans le traitement chirurgical de cette 
malformation il y a deux tendances: soit 
se borner a la decompression pure et 
simple, soit continuer par Fablation de 
Famygdale ou des amygdales ectopiees.
Nous avons pratique les deux techniques 
chez nos 11 patients. Six de ces patients 
ont subi Fablation des amygdales, cinq 
unilateral et un bilateral. Les cinq autres 
patients ont subi uniquement la decom­
pression avec la dure-mere ouverte.
Chez les six patients qui ont subi l’amyg- 
dalectomie, quatre, soit les cas 1, 7, 8 et 
9 presentaient une malformation de la 
charniere, deux, soit les cas 6 et 10 ne 
la presentaient pas.
L ’aspect de Farachnoide et des amyg­
dales montrait les caracteristiques d’ad- 
herences avec etranglement fibreux dans 
les cas 1, 2, 3, 5, 6 et 9. Par contre, des
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amygdales lisses a contours definis sans 
adherences etaient presentes dans les cas 
4, 7, 8, 10 et 11.
Nous n’avons pas a regretter de gros 
problemes post-operatoires sauf dans un 
cas oil Faggravation dune hemi-paresie est 
apparue dans la post-operatoire imme­
diate. Le cas avait une malformation de la 
charniere avec un quatrieme ventricule 
bas et avait subi l’amygdalectomie.
Nous nous sommes toujours demandes 
si un phenomene ischemique avec anoxie 
n’en etait pas responsable, parce que la 
patiente avait fait une chute de tension 
per-operatoire.
C o n c l u s io n
Onze cas de malformation cerebello- 
medullaire avec ou sans atteinte de la 
charniere osseuse ont ete revises. La de­
scription anatomique de ces malformations 
est rapportee dans le tableau I de la 
semeologie neuroradiologique.
Les symptomes cliniques sont decrits 
dans le tableau I. On peut voir que chez 
les 11 patients, le symptome dominant 
etait la cephalee.
II est interessant de noter que la topo­
graphic particuliere de cette cephalee a la 
region occipitale qui est celle aussi des 
algies dites “tensionnelles” explique que le 
diagnostic soit volontiers oriente vers une 
condition psychogenique.
Cependant, cette cephalee devient ex­
cessive aux mouvements de flexion et d’ex- 
tension de la tete; elle s’exacerbe a l’effort 
et est plus importante le matin que le soir.
Precisement, ces caracteres ne sont pas 
ceux de la cephalee tensionnelle: car si 
celle-ci est de localisation occipitale ou 
parieto-occipitale, elle est continuelle; elle 
n’a pas d’horaire; elle n’est pas provoquee 
par les mouvements de la nuque et elle 
s’accompagne de tout un complexe symp- 
tomatique subjectif alors que l’examen 
neurologique ne decouvre aucun signe 
organique.
Chez deux de nos patients, la pression 
digitale de l’espace inter-epineux C1-C2 
provoquait une intense douleur, suggerant 
le diagnostic de nevralgie d’Arnold; et 
c’est un fait que des infiltrations novo- 
ca'iniques ou “blocage anestesique” du nerf
d'Arnold avaient temporairement ameliore 
la douleur.
On peut done penser que Firritation de 
la deuxieme racine sensitive par une amyg- 
dale ectopique est susceptible d’expliquer 
la cephalee occipitale de ces patients.
Son exacerbation pendant le decubitus 
prolonge peut egalement s’expliquer par 
Felevation de la pression du liquide 
cephalo-rachidien qui accompagne le de­
cubitus (et qui est, comme on sait, maxi­
male dans la seconde moitie de la nuit) 
alors qu’il existe localement une gene me- 
canique au transit liquidien. Ces condi­
tions favoriseraient Firritation radiculaire.
II n’a pas ete observe chez nos patients 
de signes d’hypertension intracranienne 
qu’auraient pu mettre en evidence 
l’examen du fond de Foeil, les radio- 
graphies du crane ou la dilatation du sys- 
teme ventriculaire a la ventriculographie.
Et nous ajouterons que la cephalee 
n’avait pas de projection anterieure; et 
que la douleur frontale, en barre, qui est 
si suggestive d’hypertension intracranienne, 
faisait toujours defaut.
11 semble done difficile d’admettre sans 
hesiter la relation entre la cephalee et 
l’hypertension intracranienne, telle qu’elle 
a ete exprimee dans les donnees classiques 
d’Adams et Scoville. Quelques-uns de 
nos patients presentaient des nausees et 
des vomissements au paroxysme de leurs 
cephalees, mais ces symptomes, outre 
qu’ils soient contingents, ne sont pas ex- 
clusivement ceux de Fhypertension intra­
cranienne; ils pourraient tout aussi bien 
etre lies a une irritation vagale au moment 
ou se produisent avec le plus d’acuite les 
effets locaux mecaniques du blocage par- 
tiel du liquide cephalorachidien.
L’age de nos 11 patients s’echelonnait 
de 32 a 45 ans. Une seule exception: une 
fille de 14 ans. La duree de l’evolution a 
varie aussi de 18 ans pour les plus anciens 
a trois mois pour les plus recents. La plu- 
part des patients avaient consulte de ser­
vices en services et quelques-uns avaient 
ete consideres comme des malades fonc- 
tionnels et soignes pour cephalee tension­
nelle.
Un fait a retenir est la presence de 
signes neurologiques organiques bien de­
finis chez ceux de nos patients qui presen-
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taient une malformation de la charniere 
osseuse.
Par contre, chez ceux qui n’avaient pas 
de malformation osseuse, la cephalee 
etait le symptome essentiel et pratique- 
ment isole. Tout au plus, un nystagmus 
a-t-il ete note chez deux patients et Tat- 
teinte du sixieme nerf chez deux autres.
Les problemes de la malformation os­
seuse peuvent etre resolus par les radio- 
graphies simples; eventuellement par les 
tomographies. C’est dans le cas ou la char­
niere osseuse est radiologiquement nor- 
male qu’il est important de mettre en 
evidence le contour des amygdales pour 
confirmer le diagnostic d’ectopie cerebel- 
leuse.
Cette demonstration peut etre obtenue 
par la myelographie qui montrerait le 
blocage cervical haut comme l’a conseille 
Adams, Schatzki et Scoville8 et Lichten­
stein52 mais l’angiographie vertebrale n’est 
pas moins interessante: elle permet en 
effet d’observer la disposition de Fartere 
vertebrale et surtout de la branche amyg- 
dalienne de la cerebelleuse postero-infe- 
rieure; information tres utile pour Fap- 
proche chirurgicale.
Chez un adulte qui presente des Cepha­
ses occipitales ayant les caracteres in- 
trinseques que nous avons decrits avec ou 
sans malformation de la charniere occipito- 
cervicale, il est interessant de se souvenir 
qu’un syndrome de compression a ce 
niveau peut etre a Forigine de sa douleur. 
Cette douleur peut etre modifiee par le 
blocage du nerf d’Arnold, ce qui suggere 
la compression irritative de la 2eme racine 
cervicale par Finvagination rachidienne de 
Famygdale cerebelleuse.
Selon la methode neuroradiologique 
utilisee, une image caracteristique peut 
etre obtenue au moyen d’un produit de 
contraste opaque ou gazeux, c’est-a-dire 
par Fidioventriculographie qui montre le 
defile du iophendylate (Myelodil) en ar- 
riere de Famygdale herniee (fig. 4) ou la 
pneumoencephalographie qui montre la 
saillie de Famygdale dans la citeme cere- 
bello-medullaire.
Le traitement que nous croyons ideal 
est la decompression avec ouverture de la 
dure-mere sans ouvrir l’arachno'ide. Lors- 
qu’il existe de multiples adherences
fibreuses, il ne nous semble pas judicieux 
d’entreprendre Fexerese comme lavaient 
conseille deja Penfield et Coburn.5 Par 
contre, il est important d’ouvrir largement 
l’arachnolde et detruire les adherences 
fibreuses qui existent a la limite inferieure 
de Fengagement. Cela dans le but de 
favoriser Fecoulement et un meilleur 
echange du liquide cephalorachidien. Ce 
n’est que dans le cas ou les amygdales sont 
lisses en superficie, excessivement hyper- 
trophiees mais mobiles, que leur exerese 
pourrait etre pratiquee; encore nous ne 
sommes pas absolument convaincus de la 
necessite de cette exerese.
E n  Resum e
Parmi nos 11 cas, six avaient le tableau 
classique d’une malformation de la char­
niere a des degres differents: mais cinq 
restent comme une entite tout a fait dif- 
ferente dans laquelle il n’y a pas malfor­
mation osseuse. Par contre, tous ces 
patients presentaient une compression 
manifestement causee par la descente des 
amygdales dans la colonne cervicale haute. 
Nous ne croyons pas que ces cas puissent 
etre consideres comme des malformations 
de Chiari grade I, mais plutot comme un 
sous-groupe du Chiari I dans lequel seul 
existe la dislocation des amygdales.
Il s’agirait d’une entite clinique dif- 
rerente; un sous-groupe du syndrome de 
Chiari grade I et pour lequel la denomina­
tion “ectopies cerebelleuses” semble mieux 
appropriee au tableau anatomo-clinique.
Du point de vue etiologique, elle nous 
fait penser a une absence de synchronisa­
tion dans le developpement de Fenveloppe 
osseuse de la charniere, et de son contenu 
rhombencephalique.
Nos cas viennent d’ailleurs confirmer ce 
qui avait deja ete expose par Barry, Patten 
et Stewart13 a savoir que la croissance ex­
cessive du systeme nerveux central affecte 
des endroits differents et a des degres dif­
ferents.
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Su m m a r y
We reviewed 11 patients with craniocerebral 
malformation whose main complaint was occipital 
headache. They varied in age from 14 to 45 years. 
Patients with occipital malformation presented 
with neurologic symptoms, but those without 
bony malformation had only headache. This pain 
resembles tension headache, except that it was 
more severe during flexion and extension of the 
head, during effort, and occurred mainly in the 
morning on rising and disappeared or at least 
diminished at the end of the day. These charac­
teristics allow a differential diagnosis. Tension 
headache has no schedule, is accompanied by 
other symptoms and there is no neurologic deficit.
These patients had no radiologic or other signs 
of intracranial hypertension or papilledema. At 
ventriculography, the ventricle appeared normal. 
The headache did not seem to be related to the 
intracranial hypertension proposed by Adams, 
Schatzki and Scoville.
Two of our patients had a very painful reac­
tion to pressure on the spinous process of C2, 
which raised the possibility of an Arnold head­
ache. Because the pain disappeared following an 
appropriate nerve block, we believe it was caused 
by compression of the second root by the dis­
placed tonsil. Compression of the second nerve 
root may be due to a displaced cerebellar tonsil 
filling the occipital cistern. On pneumoencephalog­
raphy, the typical picture of an engaged cerebel­
lar tonsil and the absence of ventricular filling, 
and the angiogram showing extracranial projec­
tion of the caudal curve of the posterior inferior 
cerebellar artery, confirm the diagnosis.
Of our 11 patients, only six had typical bony 
malformation, but five others without bone mal­
formation had high cervical compression due to a 
protruded tonsil. We do not believe these repre­
sent pure Chiari grade I malformation but a sub­
group which has only dislocation of the tonsil. 
The term “ectopic cerebellum” gives a better 
description of the anatomical-clinical picture. We 
postulate that there is an asynchronous develop­
ment between the bony envelope and its contents 
in the occipito-cervical region.
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PRODUCTION OF A STANDARD EXPERIMENTAL FRACTURE0
R. W. JACKSON, M.D., F.R.C.S.fC], C. A. REED, M.D., F.R.C.S.[C],
J. A. ISRAEL, M.D., F. K. ABOU-KEER, M.D., F.R.C.S.fC] and H. GARSIDE,
Toronto, Ont.
A lthough fractures have always been a 
major cause of morbidity in man, little is 
known about the basic processes that ini­
tiate and promote the fracture repair 
process. What physiologic, chemical, 
mechanical and other unknown factors in­
teract to promote rapid uncomplicated 
fracture healing? A better understanding 
of bone repair can only be obtained 
through the systematic study of experi­
mental fractures.
Because of varying amounts of soft- 
tissue and bone damage, all fractures do 
not heal in a uniform manner or in a uni­
form period of time. It is essential, there­
fore, to standardize the experimental frac­
ture in regard to site, configuration of frac­
ture line, degree of displacement and 
extent of soft-tissue damage.
M aterials and M ethods
Experimental Animal
Healthy male Wistar rats, weighing 250 
to 300 g., were selected as the experimen­
tal animals because they are available in 
quantity, are relatively inexpensive, easy 
to handle, and their bones have many 
features similar to human bones.1
Anesthetic
An intraperitoneal injection of 60 m g./ 
kg. body weight sodium pentobarbital 
(Nembutal) was used to anesthetize all 
animals before fracturing their femurs.
Fracture Apparatus
The apparatus consists of a small pneu­
matic punch press powered by a cylinder 
of compressed air and controlled by a 
pressure gauge and valve (Fig. 1). The end
“ From the Orthopedic Research Laboratory, 
Banting Institute, University of Toronto, and the 
Department of Orthopedic Surgery, Toronto Gen­
eral Hospital, Toronto, Ont.
This work was supported by Medical Research 
Council of Canada Grant MA-2296.
Fig. L—A small pneumatic punch press, 11 
inches high (the end o f the punch modified into 
a blunt guillotine), is driven by compressed air 
and controlled by a pressure gauge and valve. 
The excursion is controlled by an adjustable stop- 
screw.
of the punch is modified into the shape of 
a blunt guillotine. Two bars, at a standard 
distance from each other, are used to sup­
port the rat’s thigh. The guillotine is posi­
tioned to descend midway between the 
supporting bars. The force exerted by the 
guillotine and the rate at which it descends 
are controlled by the pressure gauge and 
valve. The distance travelled, or the ex­
cursion of the guillotine, is controlled by 
an adjustable mechanism.
Fracture Technique
“Pre-nailing” of femora.—Intramedullary 
stabilization of the femur is carried out 
before fracturing. A 1-cm. vertical skin in­
cision is made along the medial aspect of 
the flexed knee through a sterile field and 
is carried down through subcutaneous 
tissue to expose the longitudinal fibres of
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the patellar tendon. The medial expansion 
of the extensor mechanism is then divided 
along the border of the patella and 
patellar tendon. A closed hemostat is in­
serted deep to the patellar tendon and the 
knee is slowly extended, thus dislocating 
the patella laterally. The knee is again 
flexed giving an excellent exposure of the 
femoral condyles. A 1-mm. needle is used 
to drill through the articular cartilage and 
subchondral bone in the superior aspect of 
the patellofemoral groove. Through this 
drill hole, a length of high-tensile-strength 
wire (0.75-mm. diameter piano wire) is in­
troduced manually along the medullary 
cavity until it meets resistance at the 
cortex in the region of the greater tro­
chanter (Fig. 2). The wire is then with­
drawn slightly, cut off and reinserted fully 
so that the distal end is buried below the 
cortex of the patellofemoral groove. The 
extensor mechanism is relocated by lateral 
pressure applied to the patella as the knee 
is extended. The skin and subcutaneous 
tissues are closed with one suture.
Positioning o f rat.—The pre-nailed ex­
tremity is positioned in abduction and full 
external rotation with the supporting bars 
beneath the supracondylar and intertro­
chanteric regions of the femur (Fig. 3). 
The standard distance between the sup­
ports is 1.7 cm. Then, before fracturing, 
the guillotine is adjusted so that it is in 
firm contact with the limb at the mid­
point of the diaphysis.
Fracturing.-T h e gauge on the com­
pressed air cylinder is adjusted to a pres­
sure of 40 lbs./sq. in. When the valve is 
opened this load is rapidly applied to the 
femoral shaft because the guillotine moves 
downward at a rate of 20 to 25 cm./sec.® 
A stop-screw limits the excursion of the 
guillotine to a distance of 2 mm., approxi­
mately one-half the diameter of the shaft.
Post-fracture— Before the rat awakens 
from the anesthetic, a radiograph of the 
fractured femur is taken to confirm the 
fracture site and configuration. No external
"Measured by high-speed cinephotography.
Fig. 2.—The femoral condyles and patello­
femoral groove are exposed. The high-tensile- 
strength wire has been inserted through the 
previously drilled articular cartilage and sub­
chondral bone.
Fig. 3.—The pre-nailed extremity is positioned 
in abduction and full external rotation, with the 
supporting bars 1.7 cm. apart beneath the supra­
condylar and intertrochanteric regions of the 
femur.
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immobilization is added. The animal 
usually bears weight on its leg immedi­
ately.
Analysis.—'The site and type of fracture, 
and the degree of comminution were 
analyzed by radiography with all femora 
in the abducted externally rotated position. 
The degree of soft-tissue damage was 
analyzed by histologic examination of 
sample fractures at six and 48 hours after 
fracturing.
Results
Radiographic Analysis
We analyzed three separate series by 
three of the authors-a total of 187 experi­
mental femoral fractures made by the 
above method as to site, configuration of 
fracture line, degree of comminution and
TABLE I .— C o n f ig u r a t io n  o f  F r a c t u r e
Series
No. of 
fractures Transverse Oblique
1 62 55 7
2 65 55 10
3 60 52 8
Total 187
(100%)
162
(87%)
25
(13%)
displacement (Table I). Eighty-seven per 
cent of the fractures were transverse and 
13% showed minor degrees of obliquity. 
Analysis of the transverse fractures alone 
(Table II) revealed that 98% were mid- 
diaphyseal (Fig. 4) and only 6% showed 
any evidence of comminution (Fig. 5). In 
93% of these fractures, displacement was 
nil or minimal (Fig. 6), i.e. limited to less 
than the width of a single cortex. Frac­
tures of the second series in which the
TABLE II .— A n a l y s is  o f  T r a n s v e r s e  F r a c t u r e s
POSITION CO M M INU TIO N D ISPLACEM ENT* A N G U LATIO N
Upper Middle Lower
Series 14 Vs 14 Nil Minimal Marked Nil Minimal Marked {Degree)
1 52 3 52 3 42 10 32 55 — 49 6 50 4 1 15-30 f3 52 — 52 --  -- 28 16 8 Nil
Total 159 3 153 9 120 30 12
(98.2%) d .8% ) (94.5%) (5.5%) (74.1%) (18.5%) (7.4%)
‘ Minimal -  up to width of one cortex; marked =  more than  width of one cortex. 
tPresum ably due to excessive excursion, i.e. >  w idth of the shaft.
Fig- 4.—The typical transverse mid-diaphyseal fracture with minimal displacem ent, no com ­
minution and no angulation.
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Fig. 5.—This shows evidence of comminution which occurred at the fracture site. Six per cent 
of transverse fractures had evidence of comminution.
Fig. 6.—This transverse fracture has minimal displacement.
excursion of the guillotine was permitted 
to be greater than the diameter of the 
femur showed angulation of 15° to 30° 
(Fig. 7). Subsequently, when the excursion 
was limited to one-half the diameter of 
the femur, no further angulation or bend­
ing of the intramedullary wire was noted.
Histologic Analysis
Longitudinal and cross-sections of the 
femurs six hours after fracture, stained 
with hematoxylin and eosin, showed mini­
mal hemorrhage and a mild inflammatory 
exudate in the surrounding muscle bundles 
(Fig. 8). At 48 hours, the inflammatory
Fig. 7.—Angulation occurred at the transverse fracture site because the excursion of the guillo­
tine was greater than the diameter of the femoral shaft.
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Fig. 8.-Photomicrograph of a longitudinal sec- tion of the femur and soft tissue six hours after a standard fracture. There is minimal hemorrhage and inflammatory exudate at the fracture site and in the surrounding muscle and soft tissue (II & E original magnification X 35).
reaction was more marked, and there was 
some proliferation of cells in the periosteal layer.
Marrow contents showed minimal dam­age due to the intramedullary wire. (At later stages of healing, however, iron pig­
ment is usually found in the intramedul­
lary cavity, indicating corrosion of the 
wire. Histologically, both endosteal and 
periosteal healing appear to be unaffected by the small wire.)
D iscussion
Initially we attempted to create experi­
mental fractures by manual closed methods 
similar to those described by other investi­gators.- However, manual osteoclasis of 
the rat femur required a surprising amount of uncontrolled force, and usually we pro­
duced a fracture that varied in pattern, site, degree of displacement, and soft- tissue damage. Similar closed manual at­tempts on the smaller bones of the fore­
arm produced marked displacement and,
in some instances, compounding. Opera­tive fracture of the femur adds the variable factors of increased local trauma and in­creased risk of infection. We rejected 
osteotomy of the fibula—a method that has 
been widely used in the past few years3— because healing in the non-weight-bearing 
fibula probably does not truly represent 
repair in a bone that is normally subjected to various stresses, including torsion, angu­lation and compression.
Previous studies on the biomechanics of 
tibial fractures4 showed that a steadily in­
creasing load applied at right angles to the 
long axis of a tubular bone would in­
variably result in a transverse fracture (or 
failure pattern). This prompted us to in­
vestigate the guillotine (end-supported, 
centre-loaded) method described above.
It soon became obvious that variations in the method of applying the fracturing 
force to the rat’s femur resulted in dif­
ferent fracture patterns and vaiying de­
grees of soft-tissue and bony damage. In­
creasing comminution was noted as both 
the load and the loading rate were in­creased, presumably because rapid build­
up of strain patterns within the bone re­
sulted in multiple lines of failure instead of a single failure line. The excursion if  
the plunger directly influenced the degree 
of displacement of the bone fragments and 
the amount of soft-tissue damage. System­
atic trial and error was necessary to find 
the right combination of factors that would 
almost invariably produce a transverse, 
non-comminuted and minimally displaced “standard” fracture.
In our early studies, we used no internal 
splintage because this would add a vari­
able factor. We found, however, that the 
unsplinted femur tended to displace or angulate during the fracturing or in the 
immediate post-fracture period, and heal­ing usually occurred in a position of 
marked angulation. External splintage to prevent this is not only difficult in rats but, 
on theoretical grounds, adds more vari­ables to fracture healing in the forms of abnormal circulatory flow, osteoporosis of disuse, muscle wasting, and joint stiffness.
Pre-nailing through the knee joint at a distance from the fracture site (and there­fore without exposing the fracture site)
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provided an internal splint which pre­
vented displacement or angulation, while 
allowing unrestricted activity during the 
healing phase. Furthermore, the high- 
tensile wire could bend slightly with the 
fracturing force and straighten spon­
taneously after release of the force, thus 
minimizing displacement of the bone ends 
and retaining normal longitudinal align­
ment. If, however, the excursion of the 
guillotine is too great, the wire may angu- 
late and produce a permanent set (Fig. 7). 
Histologically, insertion of the wire ap­
pears to cause minimal damage to the 
endosteal circulation,5 although several 
weeks later we found iron pigment in the 
marrow cavity, indicating corrosion in situ. 
Consequently, in future studies we shall 
use stainless steel wire instead of piano 
wire. Infection did not prove to be a prob­
lem; in the entire series only one specimen 
showed evidence of sepsis.
S u m m a r y
A method was devised to create a stan­
dard, closed, transverse, minimally dis­
placed, internally stabilized fracture of the 
mid-diaphysis of a rat’s femur. The frac­
ture, mechanically created with the same 
degree of initial displacement, produces 
similar amounts of soft-tissue damage in 
over 90% of fractures. The biomechanical 
principles involved are discussed and three 
series of 187 control fractures are analyzed 
radiologically and histologically. The con­
sistent results so obtained indicate that
this experimental fracture is suitable for 
future studies into the normal mechanisms 
of fracture repair and into the influence of 
various factors on the repair process.
R e f e r e n c e s
1. J o w sey , J.: Studies of Haversian systems in
man and some animals, J. Anat., 1 0 0 : 857, 
1966.
2. E skelu n d , V. and Pl u m , C. M.: Experimen­
tal investigations into healing of fractures.
I. Healing of fractures of femoral diaphysis 
in rats, Acta Orthop. Scand., 1 9 : 433, 
1949.
3. H e r b sm a n , H., Asrani, U. F. and S h a fta n ,
G. W.: Improved method for evaluation 
of experimental fracture healing, Surg. 
Forum, 17: 447, 1966.
4. J ackson , R. W. and M acnab, I.: Fractures
of shaft of tibia; clinical and experimental 
study, Amer. J. Surg., 97: 543, 1959.
5. M it a l , M. and C ohen , J.: Repair of experi­
mental bony intramedullary injuries vary­
ing in degree, Surg. Forum, 17: 451, 1966.
R e su m e
Nous avons mis au point une methode simple 
permettant de creer une fracture experimentale 
de la portion mediane de la diaphyse du femur 
du rat. Cette fracture standard est fermee, trans- 
versale, sujette a un deplacement minimal et 
stabilise. Cette fracture, provoquee mecanique- 
rnent avec le meme degre de deplacement initial, 
a donne des lesions des tissus mous de meme im­
portance dans plus de 90% des cas. Nous passons 
en revue les principes biochimiques qui sont im- 
pliques et avons etudie, aux points de vue radio- 
logique et histologique, trois series de 187 frac­
tures de controle. Les resultats que nous avons 
obtenus de cette fracture experimentale confir- 
ment notre opinion que cette methode facilite 
l’etude des mecanismes normaux de la guerison 
des fractures et des divers facteurs connexes qui 
l’influencent.
POST-TRAUMATIC DISLOCATION 
OF HIP
Two patients with recurrent dislocation of 
the hip after an initial traumatic episode are 
presented, with a description of operative 
findings, which are of great interest. The 
synovial pouch plus a weakness in the poste­
rior capsule of the hip joint was demonstrated 
in each patient, repair was effected by plica­
tion of the layers and in one case reinforce­
ment of the repair was made with change of 
insertion of the piriform muscle.
In both patients definite involvement of the 
sciatic nerve in the scar was demonstrated at 
operation and in one patient the neurologic 
lesion persisted from a previous dislocation, 
actually the second in this patient. The simi­
larity of the patients described to the typical 
patient with a recurrent dislocation of the 
shoulder is striking, because in each of these 
there was not adequate immobilization after 
the additional reduction.—Liebenberg, F. and 
Dommisse, G. F .: Recurrent post-traumatic 
dislocation of hip, J. Bone Joint Surg. [Brit.], 
51B : 632, 1969.
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L’HEMOPNEUMOTHORAX MASSIF ET SPONTANE: UNE INDICATION
CHIRURGICALE
LOUIS RANGER, M.D.* et GUY LEGROS, M.D., M.Sc., F.R.C.S.[C],t
Montreal, Que.
D e  tous les pneumothorax spontanes ob­
serves dans une salle d’urgence, 3% a 5%  
se complique d’hemorragie intra-pleurale.1 
Celle-ci peut atteindre parfois de graves 
proportions, jusqua entrainer un patient 
en choc hypovolemique. De nombreuses 
publications sont apparues entre 1950 et 
1960 traitant de cette entite clinique et de 
la conduite a tenir a son egard; en 1959 
on comptait 286 cas dans la litterature.2 
Depuis cette epoque, le nombre de cas 
publies a diminue et ce fait n’est certes 
pas relie a une baisse de I’incidence de la 
maladie.
A la faveur de cas recents d’hemo- 
pneumothorax massifs et spontanes que 
nous avons eu 1’occasion d’observer, nous 
desirons faire un rappel historique de ce 
syndrome et la mise au point quant a sa 
pathogenie et a son traitement.
d un hemopneumothorax, mais le patient 
decede peu apres 1’intervention.
En 1949 Solovay8 fait une revue de 
toutes les causes possibles d’hemopneumo- 
thorax et mentionne entre autres la rup­
ture spontanee de bulles d’emphyseme 
sous-pleural et la dechirure d’adherenees 
pleuro-parietales. Myers, Johnston et Brad­
shaw,® en decrivant un cas personnel, traite 
avec succes par thoracotomie et hemostase 
par ligature, mentionnent qua 1’autopsie 
50% des males ages de plus de 20 ans et 
sans histoire pulmonaire presentent des 
adherences entre le poumon et la plevre 
parietale.
Ces quelques faits historiques sont a la 
source de nombreuses publications qui sui- 
vent entre 1950 et 1960, alors qu’on insiste 
de plus en plus sur la valeur et le role du 
traitement chirurgical.
Historique
En 1828 Laennec decrit pour la pre­
miere fois 1’autopsie d’un cas d’hemo- 
pneumothorax .spontane. En 1901 Pitt, 
Boland et Rolleston rapportent chacun un 
cas dont Tissue fut cependant fatale. Plu- 
sieurs cas apparaissent ensuite dans la lit­
terature, de fagon eparse; le traitement est 
conservateur et consiste soit dans la simple 
observation medicate, soit dans la ponction 
pleurale repetee. Malgre l’avenement de 
la transfusion sanguine, la mortalite de- 
meure elevee et se situe autour de 25%.® 
En 1948 Elrod et Murphy4 sont les pre­
miers a proceder a une thoracotomie pour 
decortiquer un poumon six semaines apres 
une hemorragie intra-pleurale. Hansen,® en 
1949, tente egalement une thoracotomie un 
certain nombre d’heures apres le debut
M o n t S  Que.Chimrgie’ I>H6pital Maisonneuve.
fChirurgien general, l’Hopital Maisonneuve. 
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Observations
Cas no 1 ,-Monsieur J.-M . G., age de 35 
ans, platrier, sans antecedent medico-chirurgi- 
cal, a presente spontanement, au reveil, une 
douleur moderee a la region de Tomoplate 
droit, 36 heures avant son admission a l’ur- 
gence. Cette douleur a diininue progressive- 
ment de sorte que le patient a tente de re- 
prendre son travail. Mais en descendant d’un 
echafaudage, la douleur est reapparue, intense, 
a Tomoplate droit, irradiee a la region thora- 
cique anterieure droite et vaguement au 
membre superieur droit, augmentee a Tinspira- 
tion et a la toux, et accompagnee de dyspnee 
marquee. Le patient se presente alors a Tur- 
gence. L examen nous revele un homme 
normalement constitue, pale, en diaphorese. 
La tension arterielle (TA) se chiffre a 110/75 
mm Hg, le pouls a 120/min., la temperature 
a 98.6 F. A 1’auscultation pulmonaire, on re- 
marque une nette diminution du murmure 
vesiculaire a la moitie superieure de 1’hemi- 
thorax droit. La percussion donne une matite 
au meme niveau. Le reste de Texamen phy­
sique est sans particularite. L ’hemoglobine a 
1 arrivee est a 13.2 g%. Une premiere radio- 
graphie pulmonaire montre la presence d’un 
pneumothorax droit evalue a environ 30%,
422 THE CANADIAN JOURNAL OF SURGERY
Vol. 13
avec niveau liquidien remontant jusqu au lobe 
moyen (fig. 1).
Un double drainage thoracique est pratique 
au niveau des deuxieme et septieme espaces 
intercostaux droits. Immediatement, le drain 
inferieur ramene 1600 cm3 de sang. Une radio- 
graphie de controle montre une reexpansion 
partielle du poumon et une diminution de 
l’epanchement. Par la suite, le patient con­
tinue de saigner lentement. Dix-huit heures 
apres son admission, il presente une episode 
d’hypotension a 85 mm Hg, une tachycardie 
a 130/min., et des signes de pre-choc. L’hemo- 
globine est alors a 9.3 g%. Le drainage 
thoraciquue accumule a date est de 2500 cm3. 
Des transfusions sanguines sont alors adminis- 
trees les unes a la suite des autres;^ letat 
clinique du patient s ameliore instantanement. 
Vingt-cinq heures apres Fadmission, le patient 
a reiju sept unites de sang; son hemoglobine 
est alors a 11.7 g%. Mais le drain thoracique 
ramene toujours du sang, soit 3600 cm3 depuis 
le debut du traitement. Une nouvelle radio- 
graphie pulmonaire montre la reapparition d un 
epanchement pleural important (fig. 2 ) . Sans 
plus tarder, on decide de proceder a une 
thoracotomie exploratrice. A l’ouverture du 
thorax, on evacue 2000 cm3 de sang et de 
caillots. On note la dechirure d’une adherence 
pleuro-pulmonaire au sommet du poumon 
droit. Du cote parietal, du sang gicle sous 
pression venant d une artere situee dans 1 ad­
herence meme. A l’apex du lobe superieur
droit, on decouvre plusieurs bulles d'cmphy- 
seme. On ligature le vaisseau qui saigne d’une 
part, et on reseque les bulles d emphyseme 
d’autre part. Les drains thoraciques sont 
laisses en place. Le thorax est referme. Le pa­
tient a regu a date 10 unites de sang, et son 
etat est satisfaisant.
Fig. 3.—Cas no 1. Radiographie pulmonaire 
prise deux mois postoperatoire montrant une 
faible obliteration du sinus costodiaphragmatique 
droit.
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En post-operatoire, le patient saigne en­
core pour un certain temps: Fhemoglobine 
redescend a 8.9 g% et on doit administrer 
deux autres transfusions. Au troisieme jour, le 
drain thoracique inferieur doit etre change, 
mais il ne donne qu’un peu de liquide sero- 
sanguinolant. Un autre cliche pulmonaire, 
pratique a ce moment, montre la persistance 
d’un epanchement pleural droit assez marque 
qui se resorbera progressivement par la suite 
pour disparaitre presque completement deux 
mois apres Foperation (fig. 3 ) . La recherche 
de bacilles tuberculeux dans les expectorations 
s’avere negative.
Cas no 2 .—Madame G.F., menagere de 49 
ans, a presente un premier episode de douleur 
spontanee a la region de l’omoplate droit, six 
mois avant son admission. La douleur s’ac- 
compagne alors de dyspnee moderee et aug- 
mente a la mobilisation du thorax; elle dure 
trois jours et disparait sans traitement particu- 
lier. Le jour de son admission a Fhopital, la 
patiente note Fapparition soudaine et spon­
tanee de la meme douleur, de caractere 
pleuretique, et qui s’aggrave peu a peu au 
cours de la journee. Elle consulte alors a 
1’urgence. A l’examen, on observe une patiente 
un peu maigre, pale, legerement dyspneique 
et anxieuse. Son pouls est a 100/min., la TA 
a 95/65 mm Hg, et la temperature a 96.4° F. 
A l’auscultation, le murmure vesiculaire est 
diminue au niveau de toute la plage pulmo­
naire droite et aboli au sommet. Le reste de 
Fexamen ne revele rien de particulier. A 
1 arrivee, l’hemoglobine est a 11.2 g%. En 
l’espace de deux heures, l’etat de la patiente 
se deteriore rapidement. La douleur et la 
dyspnee augmentent; la patiente devient plus 
anxieuse et agitee. La TA chute a 50 mni Hg, 
le pouls est filant. Entretemps, une radio- 
graphie pulmonaire a tot fait de montrer un 
hydropneumothorax, avec collapsus presque 
complet du poumon droit, un niveau liquidien 
atteignant le tiers inferieur de la plage droite, 
et un leger deplacement du mediastin vers la 
gauche (fig. 4 ). L ’hemoglobine a chute a 8.0 
g%. D’urgence, on ponctionne la cavite 
pleurale droite au niveau du deuxieme espace 
intercostal pour laisser echapper de Fair sous 
pression, et on institue une therapie de rem- 
placement par du sang. Les signes vitaux 
s ameliorent rapidement et la patiente devient 
moins dyspneique.
On pratique aussitot, sous anesthesie locale, 
un double drainage thoracique droit, soit au 
niveau des deuxieme et huitieme espaces 
intercostaux: 10(X) a 1500 cm3 de sang
s echappent des drains. En l’espace d’une
Fig. 4.—Cas no 2. Radiographie pulmonaire a 
Fadmission montre un hydropneumothorax com­
plet droit avec leger deplacement du mediastin 
vers la gauche.
demi-heure, les drains thoraciques deviennent 
obstrues par des caillots, et un hemopneumo- 
thorax sous tension se reforme (fig. 5 ). Un 
hematome considerable apparait autour de l’ori- 
fice de drainage inferieur, et du sang s’evacue
Fig. 5.—Cas no 2. Reapparition d’un nouveau 
hemopneumothorax sous tension apres drainage 
thoracique superieur et inferieur.
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sous pression autour du drain lui-meme. La 
tension arterielle ne peut etre maintenue que 
par 1’administration aeceleree de transfusions 
sanguines. On decide alors de proceder a une 
thoracotomie, soit six heures apres l’admission 
de la patiente. A l’exploration, on retire du 
thorax 1500 a 2000 cm3 de sang et de caillots. 
L ’hemorragie est consecutive a la rupture 
d’une adherence pleuro-pulmonaire au niveau 
du dome pleural ou un suintement veineux 
continu n’est tari que par ligature. Le sommet 
pulmonaire ne presente que de toutes petites 
bulles d’emphyseme sous-pleural, disseminees, 
et 1’insufflation du poumon a une pression de 
30 mm Hg ne demontre pas de fuite aerique. 
On ne juge pas utile de resequer les bulles 
d’emphyseme. On referme le thorax sans plus, 
apres verification de la permeabilite des 
drains. Les transfusions au total se chiffrent 
a huit unites.
Fig. 6.—Cas no 2. Radiograpbie pulmonaire 
normale, deux mois post-operatoire.
En post-operatoire, la patiente presente une 
evolution favorable. Le drain thoracique 
superieur laisse echapper des bulles d’air 
jusque vers le quatrieme jour, puis cesse spon- 
tanement. Lors de son conge au douzieme 
jour, la radiographie pulmonaire montre un 
pneumothorax d’environ 10%, et un leger 
epanchement residuel. Un mois et demi plus 
tard, la reexpansion est complete, et apres 
deux mois, 1’epanchement est completement 
disparu (fig. 6 ) . La patiente a repris son cours 
de vie normale depuis.
D iscu ssio n
Aujourd’hui, on accepte facilement que 
I’etiologie principale du pneumohemo­
thorax spontane est reliee a la presence de 
bulles d’emphyseme et d’adherences 
pleuro-pulmonaires. Les bulles d’emphy­
seme sous-pleural sont le plus souvent 
acquises; il en va de meme pour les adhe- 
rences pleuro-pulmonaires que Ton constate 
frequemment chez les hommes apres l’age 
de 20 ans. Pourquoi ces adherences sont- 
elles plus frequentes chez le sexe masculin 
dans une proportion de 10:1? On a voulu 
invoquer le fait qu’un homme de 15 a 45 
ans mene une vie beaucoup plus active 
que le reste de la population et qu’il est 
plus sujet que les autres a deployer des 
grands efforts musculaires. Mais cette hy- 
pothese s’avere fausse lorsqu’on constate 
que les premiers symptomes d’un pneumo­
thorax spontane surviennent aussi souvent 
au repos. La presence des adherences ne 
trouve pas d’explication precise non plus; 
on doit invoquer des infections banales des 
voies respiratoires au cours de 1’enfance 
ou de l’adolescence.
Au moment d’un effort ordinaire, en 
toussant par exemple, il peut se produire 
une rupture d’une bulle emphysemateuse, 
situee le plus souvent au niveau de l’apex 
pulmonaire. De l’air s’echappe du poumon 
causant d’abord un pneumothorax simple. 
S’il y a un phenomene de valve a clapet 
cependant, le pneumothorax ne tarde pas 
a devenir sous pression et peut precipiter 
les faits subsequents. Au fur et a mesure 
que le poumon s’eloigne de la paroi thora­
cique, une adherence pleuro-parietale, sise 
elle aussi au sommet du poumon, peut etre 
mise sous tension au point de se dechirer 
facilement. L ’hemorragie se manifeste 
alors, provenant habituellement de vais- 
seaux originant de la paroi thoracique ou 
la pression systemique est six fois plus 
elevee que la pression des vaisseaux pul- 
monaires. L’examen microscopique de ces 
adherences montre que les vaisseaux ont 
perdu leurs fibres elastiques et muscu­
laires; ils sont constitues d’endothelium 
entoure par du tissu fibreux (fig. 7 ). Ces 
vaisseaux ont done perdu leur capacite 
retractile, et leur hemostase s’en voit com­
promise par le fait meme; ceci explique la
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Fig- 7.—Coupes histologiques d’une adherence pleuro-parietale prelevee chez le patient J.-M. G. 
On note la presence d’un vaisseau entoure de tissue fibreux, et done la paroi elle-meme est pauvre 
en fibres musculaires lisses ( grossissements originals X 40, X 100 et X 1000).
persistance de l’hemorragie souvent ob- 
servee.7
Au cours du traitement medical de ces 
patients a l’aide de ponctions pleurales 
repetees, il survient un moment ou, malgre 
l’evidence radiologique d’un epanchement 
pleural important, on ne peut plus rien 
retirer du thorax. Ceci signe la presence 
de caillots en grande quantite dans la 
cavite pleurale. S’ils sont laisses en place, 
les chances de formation d’un fibrothorax 
dans les semaines qui suivent sont tres 
augmentees; ils favorisent egalement le 
developpement d’un empyeme s’il survient 
une contamination. En d’autres occasions, 
on dit que le sang retire de la plevre est 
incoagulable; il s’agit en fait de sang de- 
fibrine. Les mouvements du ooeur et du 
poumon accelerent la coagulation intra- 
pleurale du sang, et la fibrine qui en re- 
sulte se depose sur les plevres viscerales et 
parietales, formant une coque qui entoure 
la base du poumon. L ’organisation de cette 
fibrine donne egalement lieu a un fibro­
thorax avec restriction marquee de l’expan- 
sion pulmonaire.3
A la lumiere de 1’histoire naturelle de la 
maladie et du taux eleve de mortalite a la 
suite du traitement medical, les chirurgiens 
ont realise l’importance de pratiquer une 
thoracotomie chez ces patients. Des lors, 
plusieurs series de cas ainsi traites avec 
succes apparurent dans la litterature. En 
1955 Clyne et Hutter8 citent trois cas et
suggerent une thoracotomie exploratrice ce 
des que I’hemorragie semble assez impor- 
tante, sans cependant specifier les criteres. 
En 1955 egalement Fry et a l?  revisent la 
litterature et mentionnent 13 cas person­
nels ou ils tendent a prouver qu’une thora­
cotomie pratiquee assez tot previent la 
majorite des complications. L ’intervention 
n’amene pas de complication et evite une 
decortication pulmonaire. Apres eux, 
Walsh,10 Amsler et Goyer,11 Bourgeois, 
Rollin et Dreyfus,2 Ashburn et Nolan,12 
publient egalement leurs experiences per- 
sonnelles avec des cas d’hemopneumo- 
thorax spontane. La pathogenie est des 
lors bien etablie et 1’attitude therapeutique 
devant cette maladie s’avere de plus en 
plus chirurgicale. En 1962 Deaton et John­
ston,7 tout en citant leurs cas particuliers, 
tentent d’etablir une ligne de conduite 
bien precise qui peut se resumer comme 
suit: “Au moment d’une ponction pleurale 
ou d’un drainage thoracique, si on retire 
moins de 1000 cm3 de sang et si une radio- 
graphie montre que 1’hemothorax est vide, 
on observe le patient de pres. D ’autre part, 
si la ponction ramene plus de 1000 cm3 de 
sang, si Fhemorragie semble vouloir per- 
sister cliniquement et radiologiquement, 
une thoracotomie s’impose aussitot. Elle 
permet un controle immediat de 1’hemor- 
ragie, une evaluation precise des pertes 
sanguines, une resection des lesions pul- 
monaires sous-jacentes, la prevention d’un
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fibrothorax et des recidives de pneumo­
thorax spontane.”
Cette ligne de conduite permet, comme 
le demontre revolution des deux malades 
presentes, de controler l'hemorragie et de 
reduire au minimum Fincidence des com­
plications. Nous considerons l’hemo- 
pneumothorax massif et spontane comme 
une urgence chirurgicale. Tout delai dans 
le traitement entraine de graves repercus­
sions sur le volume circulant et la ventila­
tion pulmonaire. II n’y a qu’un pas vers le 
choc irreversible et la mort.
R esum e  e t  C onclusion
Nous avons revu la litterature concer- 
nant Fhemopneumothorax massif et spon­
tane et presente deux cas personnels. La 
pathogenie et le traitement de cette condi­
tion ont ete exposes. L’hemopneumothorax 
spontane doit etre considere avant tout 
comme une condition chirurgicale. Des le 
moindre indice de la persistance de l’he- 
morragie intra-pleurale, et pour ce, on 
peut se her aux criteres sus-mentionnes par 
Deaton, il ne fait pas de doute qu’une 
thoracotomie exploratrice devient irnpe- 
rieuse. Tout en permettant de sauver la vie 
du malade de facon immediate, elle pre- 
vient d’autres complications graves, telles 
le fibrothorax et Fempyeme.
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Su m m a r y
The authors have reviewed the literature re­
lated to massive spontaneous hemopneumothorax 
and presented two cases. Its pathogenesis and 
treatment are discussed. We consider this condi­
tion to be primarily surgical. Following Deaton’s 
criteria, we strongly recommend an exploratory 
thoracotomy as soon as signs of persistent bleed­
ing are recognized. Thoracotomy is a life-saving 
procedure which prevents serious complications 
such as fibrothorax and empyema.
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INTUSSUSCEPTION AFTER MAJOR ABDOMINAL OPERATIONS
IN CHILDREN0
F. M. GUTTMAN, M.D., F.R.C.S.[C], F.A.A.P., F.A.C.S.,
J. C. DUCHARME, M.D., F.A.A.P. and P. P. COLLIN, M.D., F.A.A.P., F.A.C.S.,
Montreal, Que.
I ntussusception as a complication of major 
abdominal operations in infants and chil­
dren is not widely recognized, except in 
specialized pediatric surgical centres.1' 2 
According to Clatworthy, surgeons who 
deal regularly with children recognize that 
small bowel intussusceptions occur after 
laparotomies for many causes, but many 
pediatricians and other surgeons are not 
aware that this entity is a real problem 
which should be thought of in any child 
who develops symptoms and clinical signs 
suggesting prolonged ileus after operation.3
This report describes five young patients 
seen at Ste Justine Hospital, Montreal, 
from 1960 to 1969, with postoperative 
intussusception and reviews the literature on this subject.
Case R eports
Case I —In September 1960, a 6-year-old boy underwent a revision of a jejunoesopha- geal stricture and a new jejunoesophageal anastomosis was fashioned in his neck. On this occasion, the abdomen was not ex­plored. Four days after operation, the patient complained of abdominal pain and abdominal distension was noted. Radiographs revealed a pattern of small bowel obstruction; he had 
some air in the large bowel and had had two movements that day. After gastric suction and intravenous therapy for 24 hours, radio­graphs revealed more severe small bowel ob­struction. He passed flatus and over the next few days moved his bowels regularly.
Two months later this patient was re­admitted because of abdominal pain, nausea and vomiting over the previous 36 hours. He had passed liquid bowel movements without blood. Abdominal distension was present and peristaltic waves were seen. Radiographs re­vealed small bowel obstruction. After 24 hours on gastric suction and intravenous therapy, he had not improved and laparotomy was car­ried out. An ileoileal intussusception was found 12 inches from the ileocecal valve, well
*i*rom the Department of Surgery, Ste Justine Hospital for Children, Montreal, Que.
away from the site of previous operation. Within the intussusception was an area where adhesions had formed, making reduction dif­ficult; no doubt this was the result of intus­susception two months earlier. The child re­covered rapidly and is well 10 years later.
Case 2,-An 11-month-old boy was admitted in November 1964 for correction of an im­perforate anus with a rectovesical fistula. A transverse loop colostomy had been made at 
birth. A sacrococcygeal abdominoperineal pull-through was performed. At operation a Meckel’s diverticulum was found and re­moved. On the second day after operation the patient vomited. His abdomen was soft, not distended; however, bowel sounds were hyperactive. The scout film of the abdomen showed small bowel obstruction. After 24- hours’ observation with intravenous fluids and gastric suction the picture did not change except that abdominal distension increased. A small amount of bloody stool was passed through the colostomy. On the third post­operative day, his abdomen was explored again and an ileoileal intussusception was found 3 cm. above the site of resection of the Meckel’s diverticulum. This was easily re­duced. His postoperative course was unevent­ful and 12 days later the colostomy was closed. This child is now well, six years later.
Case 3.—This 2-year-old girl was well until three months before admission. Then her parents had noted the onset of obesity, that she bruised easily, had acne, and was growing 
pubic hair. She had acne on her forehead, Cushingoid obesity, a definite buffalo hump and hirsutism. Her blood pressure was 170/ 120 mm. Hg and she weighed 33% lbs. One observer palpated a mass in the right upper quadrant of the abdomen. A scout film of the abdomen showed a soft-tissue mass, dis­tinct from liver density, at the level of the upper pole of the right kidney. On intra­venous pyelogram this mass, which was above the depressed right kidney, measured 4 to 5 cm. in diameter. At laparotomy we found and removed a tumour of the right adrenal gland,6 cm. in diameter, which did not involve' adjacent structures. The left adrenal was small and atrophic. On cut section this yellow
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homogeneous tumour, which weighed 58.7 g., 
was a well-differentiated adrenocortical ade­
noma. Her postoperative course was unevent­
ful up to the sixth day, during which time 
she was “covered” with steroids. On the sixth 
day she began to cry easily, became anorexic, 
and vomited. Her abdomen was distended and 
bowel sounds were hyperactive. A scout film 
showed fluid levels in the small bowel, but 
there was air in the colon and in the rectum. 
Intravenous fluids and gastric suction, given 
for 24 hours, did not change the clinical pic­
ture. A radiograph showed small bowel ob­
struction with no further gas in the colon. At 
laparotomy we found a 10-cm. segment of 
jejunojejunal intussusception which was easily 
reduced manually. Her subsequent course 
was uneventful and she is now well five years 
later.
Case 4 —A 2-year-old boy, admitted because 
of chronic constipation since birth, had a 
barium enema highly suggestive of aganglionic 
megacolon. Rectal biopsy showed no ganglion 
cells. On August 9, 1965, a Soave pull-through 
operation was performed. His postoperative 
course was uneventful up to the sixth day 
when he became fretful and vomited. His 
abdomen was distended and bowel sounds 
were hyperactive. Radiographs revealed sev­
eral fluid levels in the small bowel. Gastric 
suction and intravenous therapy for 24 hours 
did not change the clinical picture. At laparo­
tomy an ileoileal intussusception 15 cm. long 
was found, about 50 cm. from the ileocecal 
junction. It was easily reduced manually and 
his subsequent postoperative course was un­
eventful. Two weeks later the second stage of 
the Soave procedure was carried out (amputa­
tion of the excess colon). The child is well 
after a five-year follow-up.
Case 5.—A 13-month-old white female was 
admitted to Ste Justine Hospital for exstrophy 
of the bladder. On January 23, 1969, an ileal 
bladder was constructed using a 9-cm. segment 
of distal ileum. An end-to-end, two-layer, 
interrupted, 5-0 silk anastomosis was con­
structed 12 cm. above the ileocecal valve to 
re-establish the continuity of the ileum. On 
the second postoperative day, the infant had 
two bowel movements and, because the ab­
domen was soft, the Levin tube was removed. 
The same afternoon the patient vomited and 
the Levin tube was replaced into the stomach. 
A film of the abdomen, taken on the third 
day after operation, suggested a high but 
partial obstruction probably at the level of 
the second loop of the jejunum. Although the 
infant appeared comfortable and passed a
Fig. 1.—Case 5 at operation showing the jejuno­
jejunal intussusception.
small amount of normal stool on the fifth post­
operative day, a film of the abdomen showed 
no gas beyond the distended first loop of 
jejunum. At laparotomy she had a jejuno­
jejunal intussusception, 10 cm. long and 
located 15 cm. from the ligament of Treitz, 
which was easily reduced manually (Fig. 1). 
The bowel was only slightly edematous and 
erythematous. Her postoperative course was 
uneventful and she was discharged a week 
later. One year later the child is well.
D iscussion
Incidence
Intussusception after major unrelated 
abdominal operations in infants and chil­
dren is not rare;1’ 2- 4 the incidence seems 
to be about one case per year in major 
pediatric hospitals (Table I).4'6
In  1964, Soper and Brow n7 reviewed 
reports of 5544 patients with intussuscep­
tion; of these, eight patients had a recur­
rence within five days following surgical 
reduction, but two of these eight had 
recurrence at an entirely different level of 
the bowel.
<
A
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TABLE I .— I n cid en ce  of I n t u ssu sc e pt io n  Af t e r  
M a jo r  Abdom inal O pe r a t io n s  in  T h r e e  M ajo r  
C h il d r e n ’s H ospitals
Authors No. of iliases Y ears
McGovern and Gross, Boston Children’s Hospital....... 15 1952-1967
Raffensperger and Baker, Cook County Hospital, Chicago. . . . 6 1960-1967
Hays, Children’s H..spital of Los Angeles........... 9 1941-1960
Stevenson, Hays and Snyder, Children’s Hospital of Los Angeles............................ 4 1960-1967
This complication was also reported after exploration for meconium ileus,8 after 
incarceration of an umbilical hernia in a 
6-month-old female,2 as a complication of many other types of abdominal operation 
and, indeed, after a thoracic operation (Table II).9
intussusception described here represent 11.6% of all intussusceptions seen at Ste Justine Hospital during the period 1960 to 1969—a figure slightly higher than those cited previously.5" 12
Etiology
At laparotomy pediatric surgeons occa­sionally encounter small intussusceptions 
which sometimes reduce spontaneously. The etiology of this spontaneous intus­susception is unknown. Nissan and Levy13 
have reminded us recently that hyper­
trophic plaques of lymphatic tissue might cause intussusception, just as a polyp or 
other mass frequently gives rise to intus­susception in the adult. In the children 
reported here several underwent long 
major abdominal operations in which dry-
TABLE I I , T y pes  of O p e r a t io n  F ollow ed  b y  I n t u ssu sc e pt io n
Author
Abdominoperineal operation s—imper­forate anus and Hirschsprung’s disease
McGovern and Gross
Hays
Raffensperger and Baker
Guttman, Ducharme and Collin
Total
Meckel’s Renal and Append- diverticu- adrenal ectomy lectomy tumour Others
1 1 1 — esophagomyotomy +2 — intussusception (ileocecal) 1 — splenectomy 
1 — gastrostomy-tracheostomy 1 — hepatectomy 1 — lymph-node biopsy, neck
1 -  hypertrophic pyloric stenosis 1 — exstrophy of bladder
1 — removal of foreign body from duodenum 1 — liver biopsy 1 — ileal polypectomy 1 — repair eventration (R) diaphragm
1 — revision of esophagojejunal anastomosis
14
Hays and Gwinn10 have remarked that 
of the postoperative problems such as 
acute cholecystitis, and gastrointestinal bleeding, after major unrelated surgery, 
volvulus was the only entity seen regularly in children.11 However, in their own Los 
Angeles series, postoperative intussuscep­tion was three times more frequent than 
acute volvulus; such intussusception repre­sented 3% of all intussusception in their series.
The five children with postoperative
ing out or excessive handling of the bowel 
may have contributed to the intussuscep­tion (Table II). In four of the five, the ex­
teriorization of the bowel may have caused partial anoxia, although it should be noted 
that any type of operation can give rise to this complication. Dodrill and Benson9 described intussusception following thora­cotomy for coarctation of the aorta during 
which the aorta was cross-clamped for 30 minutes. One of our patients (Case 1) did not have abdominal exploration.
T A B L E  I I I .— R e v ie w  o f  M a jo r  S e r ie s  o f  P o s t o p e r a t iv e  I n t u s s u s c e p t io n
Interval betweenfirst and second D uration o foperations Sym ptom s o f suction therapy Type o f Reduction o f Results ana length
In itia l diagnosis In itia l operation (days) intussusception_________ (dags) intussusception intussusception of follow-,, p study
1 F 3 Yi yrs. W ilm s’ tum our T ransabdom inal nephrectom y, p artia l excision of d iaphragm
19
132 F 16 mos. H irschsprung’sdisease
A bdom inoperineal pull-through 
M ikulicz exterio rization  resection 103 F 10 mos. Ileocolic in tu ssus­ception
4 M M esenteric E xplorato ry  laparo tom y , liver 7adeni tis b iopsv. incidental appendectom y
5 M 11 mos. Bleeding M eckel’s W edge resection of d iverticulum , 5diverticulum inciden tal appendectom y
6 M 5 mos. Im perforate  anus A bdom inoperineal anoplasty 6
7 M 11 mos. H irschsprung’s A bdom inoperineal pull-through 9
8 M 10 mos.
diseaseIleocolic in tu s- M anual reduction  of in tussuscep- 5susception tion , incidental appendectom y 179 M 13 mos. G auc.ier’s disease Splenectom y
10 F 16 mos. H irschsprung’sdisease
A bdom inoperineal pull-through 12
11 F 13 mos. Achalasia Esophagom yotom y, pyloro­p lasty , gastrostom y
9
12 M 5 yrs. 11 mos.
Lym phosarcom a Biopsy of neck m ass 
L aparo tom y, cecotom y w ith
5
713 M 1 yr. No disease biopsy of mucosa, lym ph-nodebiopsy, inciden ta l appendectom y
14 M 11 mos. Lye b u rn s of m outh , esophagus
G astrostom y and  tracheostom y 26
and stom ach
15 M 19 mos. H epatom a R ig h t hepatectom y 10
16 M 23 mos. M eckel’s d iverti- Excision of M eckel’s d iver- 5culum , hem orrhage ticulum
17 F 2 mos. M eckel’s d iverti- Excision of M eckel’s d iver- 25culum. hem orrhage ticulum
18 M 2 mos. H ypertrophic pyloric stenosis
Pylorom yotom y (R am sted t) 10
19 M 4 y rs. A drenal hyper- L aparo tom y, exploration  of 11plasia, b ila tera l adrenals
20 F 17 mos. E xstrophy  of C ystoplasty  using isolated 26bladder segm ent of sigmoid
21 F 5 y rs. ?M esenteric ad- M eckel’s d iverticulectom y, 5enitis, ? app en ­dicitis
appendectom y
22 M 3 mos. W ilm s’ tum our N ephrectom y rad ia tion  and chem otherapy
7
A v *. - >  *, ;  A r f V
D istension, vom iting, 15 Ileoileal M anual Recovery, 7 yrs.pain , fever D istension, vom iting, 7 Jeju n oje jun a l M anual Recovery, 11 yrs.painD istension, vom iting, 4 Ileoi’eal M anual Recovery, 13 yrs.in testina l bleeding, pain , leukocytosis, fever D istension, vom iting, 2 Ileoileal M anual Recovery, 14 yrs.painD istension, in testina l 5 Cecocolic M anual Recovery, 14 yrs.bleeding, fever D istension, vom iting, pain , leukocytosis
2 Jeju n oje jun a l M anual Recovery, 5 yrs.
M anual Recovery, 14 yrs.D istension, vom iting 2 Jeju n oje jun a l
D istension, vom iting, 2 Ileoileal M anual Recovery, 9 yrs.pain , fever D istension, vom iting , 12 Ileoileal M anual Dead of G aucher’spain , leukocytosis M anual disease, 2 yrs.D istension, vom iting , 5 Ileoileal Recovery, 6 mos.pain
D istension, vom iting , 9 Ileoileal M anual Recovery, 4 yrs.pain , leukocytosis 
Vom iting, leukocytosis 0 Je ju n oje jun a l M anual D ead of leukemia, 3 mos.
D istension, vom iting , pain
2 Ileoileal M anual Recovery, 6 yrs.
D istension, vom iting, leukocytosis, fever 26
Ileoileal M ikulicz resection D ead, 5 days
D istension, leukocytosis, fever 10
Jeju n oje jun a l M anual Recovery, 1 yr.
D istension, vom iting 2 Ileoileal M anual Recovery, 2 yrs.
In te rm itten t vom iting , X Ileoileal Ileal resection, Recovery, 3 X  y rs.d iarrhea  for 2 days exteriorization
In te rm itten t vom iting  for 10 days, d iarrhea  and abdom inal d is­
i x Ileoileal M anual Recovery, 8 yrs.
tension for 3 days 
A bdom inal pain, vom iting for 3 days, abdom inal distension
1 Jeju n oje jun a l M anual Recovery, 4 yrs.
for 1 day
Prolonged postoperative ileus followed by  im ­ 3 Ileocecal
M anual Recovery, 3 yrs.
p rovem ent then  vom iting  for 4 days
Im proved for 3 days then  abdom inal pain, vom iting  and  rectal blood for 2 days
2 Ileoileal M anual Recovery, 2 mos.
Well for 2 days, vom iting  for 3 days, distension for 1 day
2 Ileoileal M anual Recovery, 18 mos-
1J L l__k___ iL
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TABLE III. R e v ie w  o f  M a j o r  S e r ie s  o f  P o s t o p e r a t iv e  I n t u s s u s c e p t io n —Continued
Interval between 
first and second
Case no. Sex Age Initial diagnosis Initial operation
operations
{days)
23 M 7 mos. ? Intussusception Laparotomy, mesenteric adenitis, 
appendectomy
8
24 F 9 mos. Neuroblastoma Laparotomy and biopsy of 12
tumour 3 mos. after treatment 
of retroperitoneal tumour with
Vincristine and cyclophosphamide
25 M
and x-ray for neuroblastoma
16 mos. Colonic agang- Swenson pull-through resection 10lionosis of rectosigmoid
26 — 14 mos. Foreign body 
in duodenum
Removal of foreign body 7
27 — 8 yrs. Appendicitis Appendectomy 8
28
~
3 mos. Hepatic pathology Liver biopsy 7
29 — 5 mos. Eventration Thoracoabdominal repair 10
30 — 5 yrs. Peutz-Jeghers
disease
Ileal polypectomy 3
31 M 11 mos. Imperforate anus, 
rectovesical fistula, 
Meckel’s diver-
Sacrococcygeal abdominoperineal 
pull-through, diverticulectomy
2
ticulum
32 F 2 yrs. Adrenal adenoma Excision of tumour 6
33
34
M 2 yrs. Congenital 
aganglionosi s, 
rectosigmoid
Soave pull-through 6
F 6 mos. Incarcerated 
umbilical hernia
Repair of hernia 2
35 M 7 yrs. Coarctation of Excision of coarctation: cross- 4aorta clamping for 30 mins.
36 M 5 mos. Intussusception Ileocecal manual reduction, 
appendectomy
5
37 — New­
born
Meconium ileus — —
38 F 13 mos. Exstrophy of Ileal bladder 5
39 M 6 yrs. Jejunoesophageal
stricture
Resection and reanastomosis Temporary 
(1 day ) intes­
tinal obstruc­
tion 4th dav,
and again
40 F 13 mos. Exstrophy of 
bladder
Ileal bladder
2 mos. later 
2
Symptoms of 
intussusception
Duration of
suction therapy Type of 
{days) intussusception
Well for 6 days then 
vomiting and 
distension
Well for 3 days then 
vomiting, intermittent 
distension on 12th day
Well for 5 days, then 
vomiting and dis­
tension for 5 days
Well for 5 days,vomit­
ing, abdominal dis­
tension, cough and fever
Vomiting, abdominal 
distension, hyperactive 
bowel sounds
Restlessness, crying, 
vomiting, distension, 
hyperactive bowel 
sounds 
Restlessness, 
vomiting, distension, 
hyperactive bowel sounds 
Restlessness, red stool
Well for 2 days, then 
massive rectal hemor­
rhage on 4th day, 
distension, pain and 
tenderness 
Well for 3 days, 4th 
day distension, 5th day 
increased distension
Vomiting
Abdominal pain, 
vomiting, abdominal
X
Jejunojejunal
Ileoileal
Ileoileal
Ileoileal
Jejunojejunal
gangrene
Ileoileal
Ileoileal
Ileoileal, 3 cm. 
away from 
diverticulum
Jejunojejunal
Ileoileal, 15 
cm. long
Reduction of 
intussusception
Results and length 
of follow-up study
2 ileoileal Manual
intussusceptions
Manual
Manual, difficult
Manual
Manual
Resection
Manual
Manual
Manual
Manual
Manual
Ileoileal (at area of Manual 
incarceration)
4 separate small Manual 
bowel intussus­
ceptions
Ileoileal, mid-ileum Manual 
Small bowel
Jejunojejunal Manual
Ileoileal Manual
Vomiting Jejunojejunal Manual
Recovery
Recovery on 
chemotherapy
Recovery
Recovery
Recovery 
Died 6 days after 
operation of bleed­
ing duodenal ulcer 
Recovery
Recovery 
Recovery, 3 yrs.
Recovery, 3 yrs.
Recovery, 3 yrs.
Recovery
Recovery
Recovery
Recovery 
Recovery, 10 yrs.
Recovery, 1 yr.
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Review of the Literature
Table III gives a detailed analysis of 40 
collected cases of postoperative intussus­
ception.2'3' ' •  10 There were 21 males and 
13 females. The mean age was 23.7 
months, but the median was 13 months. 
The majority of these infants had a major 
abdominal operation, although several had 
no abdominal incision at all. Following 
the initial intervention the onset of first 
symptoms was 8.9 days (mean) and 7.0 
days (median).
In only three instances was intestinal 
resection required; manual reduction was 
successful in all the others. Four children 
died; one of Gaucher’s disease, one of 
leukemia, one died five days after Mikulicz 
resection and the fourth had a liver biopsy 
followed seven days later by a tight 
jejunojejunal intussusception requiring re­
section. This infant died six days later 
after massive bleeding from a duodenal 
ulcer.
It is apparent that this postoperative 
complication is not without grave risk. 
While the authors5 did not give details of 
the last child, they noted that physician 
delay contributed to the fatal outcome.
Symptomatology
The symptomatology in this age group 
resembles a pernicious type of intus­
susception described by Kristiansen and 
Snyder3 as primary ileoileal intussuscep­
tion. It does not present like intussus­
ception but resembles postoperative ob­
struction due to adhesions. The pain 
frequently produces restlessness or is mis­
taken for early postoperative cramps. 
Palpation of an abdominal mass has not 
been reported. In addition, the presence 
of blood in the stool is rare. Vomiting and 
abdominal distension are the only promi­
nent clinical features. Thus, in the early 
postoperative stage, clinical judgment, the 
knowledge that a return of intestinal 
transit was followed by ileus, and early 
abdominal radiographs will warn the sur­
geon that he is dealing with small bowel 
obstruction.
Four of our five patients had hyper­
active bowel sounds—a finding that moved 
the surgeon to treat the infant as having 
something more than the usual postopera­
tive ileus. In each case this finding led to 
the studies showing small bowel obstruc­
tion and fluid levels on the upright film. 
In each case gastrointestinal suction was 
attempted for 24 hours.
Children tolerate early operation far 
better than prolonged gastrointestinal suc­
tion. With either adhesions or intussuscep­
tion, delay may lead to gangrene of the 
bowel.
Su m m a r y
Postoperative intussusception after major 
surgery in infancy is infrequent even in 
major pediatric surgical centres. The 
symptoms in the early postoperative period 
are misleading and are easily mistaken for 
prolonged ileus or early adhesions. Post­
operative intussusception of small bowel 
differs from the usual primary idiopathic 
ileoileal intussusception in that a mass is 
rarely palpated, “red currant jelly” stool is 
rarely seen, and the right lower quadrant 
is not empty. A barium enema will not 
demonstrate the lesion.
This paper describes five infants seen at 
Ste Justine Hospital for Children, Mont­
real, from 1960 to 1969. In a review of the 
literature, it is apparent that early opera­
tion is the treatment for this problem. 
Analysis of the major series shows that 
postoperative intussusception is seen 
mostly in infants. Prolonged handling of 
the bowel during major abdominal opera­
tions may be an etiologic factor although 
several instances are reported in which the 
abdomen was not opened.
Surgeons should be aware of the pos­
sibility of postoperative small bowel in­
tussusception and suspect it in any infant 
presenting the clinical picture of early 
postoperative mechanical obstruction.
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R e s u m e
Meme dans de grands centres de chirurgie 
pediatrique, l’invagination apres une intervention 
majeure est chose rare. Ses symptdmes au debut 
de la periode post-operatoire sont trompeurs et 
peuvent facilement etre pris pour un ileus qui se 
prolonge ou pour des adherences precoces. L ’in­
vagination intestinale post-operatoire differe de 
l’invagination ileo-ileale idiopathique par l’absence 
d’une masse palpable; la selle en “gelee de gro- 
seille” s’observe rarement et le quadrant inferieur 
droit n’est pas vide. Un lavement baryte ne per- 
met pas de visualiser la lesion.
Le present article presente cinq cas qui ont 
ete traites a l’Hopital Ste Justine pour les enfants, 
a Montreal, de 1960 a 1969. Une revue de la 
litterature pertinente montre que la chirurgie 
precoce est la reponse a ce probleme. Une analyse 
de series considerables indique que l’invagi- 
nation post-operatoire se voit surtout ehez des 
nourrissons; Un maniement prolonge de l’intestin 
au cours d’une operation majeure peut constituer 
an facteur etiologique, mais il faut remarquer 
qu’en plusieurs cas, l’abdomen n’avait meme pas 
ete ouvert.
Le ehirurgien devra etre en eveil quant a la 
possibility d’une invagination post-operatoire du 
grele et y songer chez tout bebe qui presente le 
tableau clinique d’une occlusion post-operatoire 
d’origine mecanique.
BENIGN TUMOURS OF STOMACH AND 
DUODENUM
Benign gastric and duodenal neoplasms are 
common enough to be of practical interest, 
and continue to present problems in diagnosis 
and management. The authors present a series 
of 50 patients with such lesions encountered 
since 1960 at the University of Turku, Fin­
land.
The lesions were divided into those of epi­
thelial origin, including 21 polyps and one 
carcinoid; those of mesenchymal origin, 13 
leiomyomas, one fibromyoma, and three neuri­
nomas; pseudotumours, including four in­
instances of heterotopic pancreas; and an ad­
ditional seven lesions classed as polypoid 
tumours in the absence of histologic diagnosis, 
for which surgical treatment was refused.
Symptoms were usually vague upper ab­
dominal discomfort or pain of varying degree. 
The duration of symptoms before diagnosis 
tended to be longer in patients with lesions 
of epithelial origin.
The most common objective findings were 
anemia and frank gastroduodenal bleeding. 
The latter was particularly characteristic of 
mesenchymal lesions. Five patients with 
mesenchymal tumours had a palpable abdomi­
nal mass.
The mesenchymal tumours were evenly dis­
tributed throughout the stomach, and there 
was a single one in the duodenum. Polypoid 
or epithelial lesions, however, were confined 
primarily to the more distal portions of the 
stomach and were frequently found within 
the duodenum.
Most of the polypoid lesions were small, 
being less than 2 cm. in diameter, as were 
several leiomyomas. In contrast, several of the 
mesenchymal lesions were much larger, six 
of them exceeding 5 cm. in diameter.
Both radiologic and gastroscopic interpreta­
tion of the benign or potentially malignant 
nature of these lesions is difficult and often in­
correct. Final diagnosis and treatment ordi­
narily required surgical exploration with gen­
erous gastrotomy followed by wide local 
excision as the operation of choice except 
when the size of the lesion required partial 
gastrectomy for removal. At operation, the be­
nign nature of the lesion was usually quite 
apparent.
Small polypoid lesions of an asymptomatic 
nature and less than 1 cm. in diameter may 
be managed conservatively in the elderly or 
in the presence of definite medical contra­
indications to operation.—Helela, T. M. and 
Scheinin, T. M.: Benign tumours of stomach 
and duodenum: clinical and radiological as­
pects, Ann. Clin. Res., 1: 187, 1969.
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EFFECT OF STERILIZATION AND PRESERVATION ON THE TENSILE 
PROPERTIES OF AORTIC CUSP TISSUE,
WITH A NOTE ON A SIMPLIFIED METHOD OF EVALUATION*
W. B. FIROR, M.D., F.R.C.S.[C] and G. SHARMA, M.B., B.S., M.S., C.R.C.S.[C],
Saskatoon, Sask.
T he homograft valve, an accepted replace­
ment for diseased human cardiac valves, 
has been free from thromboembolic com­
plications in follow-up studies, and hence 
the patient does not require long-term 
anticoagulant therapy. However, surgeons 
are concerned by late deterioration of the 
valve substance which, in part, is related 
to methods of preservation and steriliza­
tion used at the time of initial harvest­
ing.1' 2 We still seek the ideal method—if 
any exists—of preserving the biological 
and physical integrity of homograft valves. 
The present study was done to determine 
the physical effects of several commonly 
used methods of preservation and steriliza­
tion on the cusp tissue of aortic valves.
M ethods
One hundred and twenty-five beef hearts 
obtained unsterile from a commercial 
sourcef at the time of slaughter were 
taken to the laboratory where the aortic 
valve and the cuff of the aortic wall were 
removed from the heart and trimmed. 
These valves were divided into five groups 
of 25, and each group was sterilized and/ 
or preserved by a different method:
Group I.—Fresh. These valves were not 
treated, and were studied in the fresh 
state.
Group II  — Beta propiolactone (BPL) 
sterilization, no preservation. This group 
was sterilized in BPL after the method of 
Lo Grippo et al.3 and, to evaluate this sub­
stance, no additional method of preserva­
tion was used.
Group I I I — Fresh-frozen. These valves 
were placed in a deep freeze at —28° C. 
and maintained at that temperature. Just
“ From the Department of Surgery, University of 
Saskatchewan, Saskatoon, Sask.
Supported by a grant from the Saskatchewan 
Heart Foundation.
flntercontinental Packers Ltd., Saskatoon, Sask.
before their tensile properties were studied, 
they were thawed at room temperature.
Group I V — Freeze-drying alone, no 
sterilization. These valves were freeze- 
dried at a temperature of —18° C. at the 
Prairie Regional Laboratory of the Na­
tional Research Council, Saskatoon, using 
the same technique by which freeze-dried 
micro-organisms are preserved in a viable 
state indefinitely.4
Group V.—Freeze-drying plus BPL. To 
evaluate the cumulative effect of BPL 
sterilization and freeze-drying, these valves 
were subjected to both procedures.
The tensile properties of Groups I and 
II were studied as soon as possible after 
preparation, because they were not pre­
served. If we could not study them on the 
day of harvesting, they were kept over­
night in a nutrient medium at 4° C. In all 
instances, these valves were studied within 
24 hours of collection, and there were no 
discernible differences between valves 
studied on the same day, and those studied 
the next morning. Valves in Groups III, 
IV and V were studied later.
The cusps from the aortic valve of an 
adult steer are large enough to allow study 
of the physical properties of valve tissue 
itself, rather than an aortic vessel wall. 
Dumb-bell-shaped strips of cusp tissue 
were cut out with a special guillotine after 
the method of Pritchard, Wright and John­
ston,5 so that the centre section measured 
exactly 1 cm.2 (Fig. 1).
The strip was then placed in the jaws 
of a device specially designed to test ten­
sile properties of biological tissue (Figs. 2 
and 3),fi and the desired force was applied 
only to the 1 cm.2 section.® Thus, assum­
ing the thickness of aortic cusp tissue to 
be uniform in mature animals, the size of 
specimen studied was relatively constant.
“ Designed by G. E. Selme, Department of 
Mechanical Engineering, University of Saskatche­
wan, Saskatoon, Sask.
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Flgi . '• - The sllape of strips of aortic cusp tissue 
cut, with the centre section measuring 1 cm.2.
The device consists of a pair of loading 
clamps between which the test tissue is 
suspended, a lever arm with a 3:1 mechan­
ical advantage, a water reservoir, a counter 
balance, and a pair of extensometers cali­
brated to measure displacements to the 
nearest 10'* inches. The extensometers are 
placed on opposite sides of the lever arm 
so that the spring force of each cancels the 
other.
Fig. 2.—Diagram of the device for evaluating 
the tensile properties of biological tissues.
After the tissue is placed between the 
loading clamps, any slack in it caused by 
the counter balance is removed by adding 
water to the reservoir until the “un­
stretched length” of tissue is achieved.
Water is then added slowly at a known 
constant rate until the cusp ruptures. At 
each increment of weight (water) in the 
reservoir, the elongation of tissue is re­
corded on the extensometer because the 
distance along the lever arm from the ful­
crum to the extensometer is the same as 
that from the fulcrum to the loading
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TABLE I.— P r e se r v a t io n  and  St e r il iza t io n  of 
A o r t ic  V a l v e  C u sp s : E ffects  on 
T e n sil e  Stre n g th
Group Method
Mean rupture 
point db SD 
Number (gr./cw,.2)
I Fresh................. . . . 25 2484 ±  848
II BPL................... . . . 25 1559 ±  527
III Fresh-frozen. . . . . . . 25 1631 ±  416
IV Freeze-dried. . . . . . . 25 1689 db 436
V BPL +  freeze-dried 25 956 ±  289
SD = standard deviation.
clamps. The elongation of the specimen 
equals the deflection of the extensometer.
R esults
The effects of various methods of pre­
servation and sterilization on tensile 
strength are shown in Table I and graph­
ically in Fig. 4. The mean breaking point 
of each group has been expressed in terms 
of grams of force applied at the time of 
rupture. We assumed that the physical 
properties of the fresh valves have not 
changed and took their breaking point as 
100% of normal. All methods of preserva­
tion and sterilization used in this experi­
ment produced a significant lowering of 
the tensile strength of cusp tissue (p <  
0.005). The most profound change was 
seen in the group that had both BPL 
sterilization and freeze-drying (Group V). 
This change was significantly more marked 
(p <  0.005) than those observed in the 
other three treated groups, which do not
Fig. 4.—Mean rapture point ±  SD of aortic 
valve cusps.
Fig. 5.—Applied force versus strain curves for 
aortic valve cusps.
differ significantly from one another. Fig.
5 shows the relationship of applied force 
(g.) to strain (centimetre elongation divid­
ed by initial length in centimetres) for 
each group of valves. The end point of 
each curve represents the highest load that 
any cusp in that group sustained before 
rupture.
Groups II, III and IV showed loss of 
elasticity as well as a decrease of tensile 
strength (Fig. 5). In Group V, treated with 
both BPL and freeze-drying, elasticity in­
creased even though this group had the 
greatest loss of tensile strength.
D iscussion
The results reported here agree with 
those obtained in similar studies which 
show a loss of tensile properties of peri­
cardium and aortic wall, resulting from 
freeze-drying or from treatment with 
BPL.5’ 7i 8 Aortic cusp tissue thus appears 
to behave like pericardium and aortic-wall 
tissue. The only unanticipated finding was 
the loss of strength following freezing 
alone, which contrasts sharply with the 
findings of Harris et al.,1 who showed that 
frozen valves retain their tensile strength 
up to eight months. This difference may 
be owing to the fact that our valves were 
frozen more slowly and maintained at a 
higher temperature (-28° C.) than theirs 
(_70° C.). Hershey et al.,9 who studied 
homograft arteries extensively, believe 
that tissues are most vulnerable to ice- 
crystal formation in the zone around 
—40° C. This zone may be associated with 
both intracellular and extracellular dam-
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age and therefore should be traversed as 
quickly as possible during both freezing 
and rewarming. The present study tends to 
confirm the desirability of freezing at 
temperatures well below the —40° C. 
range.
A variety of techniques and instruments 
have been devised to test the tensile prop­
erties of biological tissue. Most of these 
use volume-displacement techniques in 
which the test tissue is stretched at a 
known constant rate so that at any time 
the tension varies according to the elas­
ticity of the substance. This type of study 
provides a plot of stress versus time from 
which the stress versus strain relationship 
can be derived because, under these 
circumstances, the relationship of strain to 
time is linear.
With the technique described here, ten­
sion is increased at a known constant rate 
and strain becomes a function of elasticity 
rather than time. If the cross-sectional 
area of the tissue under study is measured, 
a stress versus strain relationship is thus 
obtained directly. Although we do not 
know whether values so obtained will 
differ from values derived by volume dis­
placement, the virtues of this method are: 
(1) simplicity, (2) inexpensiveness, and (3) 
the great precision with which strain is 
measured on the extensometer. This device 
can measure the tensile properties of bone 
and healing fractures8 and should be ap­
plicable to many other types of biological 
material.
We studied the physical properties of 
heart valves as grafts, but need further 
knowledge of their biological properties 
before we can make a final assessment of 
the effect of any method of preservation 
or sterilization. The careful pathological 
studies of Hudson,10 Smith11 and Reichen- 
bach, Mohri and Merendino12 have shown 
that, in man, aortic valve homografts are 
acellular and hence are not “alive”. They 
are only slightly antigenic and, although 
there is some experimental evidence of 
mild host rejection,13 biological rejection 
has not been a clinical problem. Of greater 
concern is the general tendency of non- 
viable tissues to degenerate and/or 
undergo late calcification—changes that 
have been noted in late follow-up exami­
nations in patients. Initially it was hoped 
that the dead tissues of the homograft 
would act as a scaffold for the ingrowth 
of viable host tissues, but it now appears 
that this process is incomplete and that re- 
endothelialization of the cusps is un­
common. Biological as well as physical 
integrity would, therefore, appear to be a 
desirable, if not essential, quality of any 
biological tissue intended for use as a 
substitute heart valve.
Most long-term pathological studies 
have been done on valves that were sub­
jected to BPL, ethylene oxide or freeze­
drying, either singly or in combination. 
Others have suggested that fresh valves 
be used or valves that have been treated 
by quick-freezing and electron-beam steri­
lization14 and satisfactory clinical results 
have been reported with valves so 
treated.2’ 14 Because frozen irradiated 
valves have come into use so recently, 
their follow-up time is shorter and there is 
as yet little pathological material for 
study. No one yet knows whether the im­
proved physical properties give biological 
superiority or not.
As yet, there is no ideal method of pre­
paring homograft cardiac valves and per­
haps no method will preserve full physical 
and biological integrity. Encouraging re­
sults are now being reported with valves 
made of autologous fascia lata,15 and with 
improved prostheses.10' 17 Further study is 
needed of these materials and further 
follow-up of frozen irradiated homografts 
before the superiority of any one method 
can be clearly established.
Summary
One hundred and twenty-five freshly 
harvested beef aortic valves were sub­
divided into groups of 25, each of which 
was subjected to a different method of 
preservation and/or sterilization: I—fresh, 
H—BPL only, III—frozen only, IV—freeze- 
dried only, and V—BPL plus freeze-drying.
There was a loss in tensile strength of 
aortic cusp tissue in Groups II, III, IV  and
V and it was most marked in Group V. 
The elasticity of Groups II, III and IV 
was decreased slightly while that in Group
V was increased slightly.
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A simplified method of testing the ten­
sile properties of biological tissues is de­
scribed.
The temperature used in our experi­
ments for freezing (-2 8 °  C.) is most likely 
too high to preserve the physical integrity 
of heart valves. The literature suggests 
that quick-freezing at a much lower tem­
perature ( -7 0 °  C.) followed by electron- 
beam sterilization is the best available 
method.
Whether improvement of the biological 
properties of frozen, irradiated valves im­
proves their physical properties is still un­
certain and must await the results of long­
term studies of pathological material.
There may be no optimal method for 
preparing homograft valves and therefore 
prosthetic valves and autologous tissue 
must be investigated further.
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Resume
Nous avons etudie les proprietes elastiques des 
valvules aortiques sur 125 cceurs de bovins frai- 
chement recueillis. Nous avons evalue egalement 
plusieurs methodes de sterilisation et de conserva­
tion des organes effectuees en vue d’une homeo- 
greffe.
Nous avons mesure l’elasticite des tissus par la 
mesure du point moyen de rupture et par I’etude 
des rapports entre les efforts instantanes et con- 
tinus exerces sur differentes valvules traitees par 
beta-propiolactone (B P L ), par congelation, par 
lyophilisation et par BPL plus lyophilisation. Par 
comparaison avec des controles, nous avons con­
state que 1’elasticite des valvules traitees par les 
quatre dernieres methodes etait nettement reduite. 
Cette alteration de lelasticite etait beaucoup plus 
marquee dans le dernier groupe que dans les 
autres. Ces constatations rejoignent celles d’autres 
etudes, sauf dans le fait que la perte de Telasti­
cite des valvules congelees avait deja ete notee 
auparavant. Ceci peut s’expliquer par le fait que 
nous avions utilise une temperature de congela­
tion superieure ( —28° C ) a celle des autres ex- 
perimentateurs.
II ressort des travaux publies dans la litterature 
que la congelation des valvules suivies d’une 
sterilisation par un faisceau electronique> est la 
meilleure methode connue, bien qu’on n’ait pas 
encore demontre qu’elle soit ideale. II faudra con­
tinuer a etudier des protheses et des valvules 
d’autres tissus biologiques (fascia lata autologue 
par ex.).
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FISTU LE ARTERIO-VEINEUSE TRAUMATIQUE APRES 
DISCOIDECTOMIE: PRESENTATION D U N  CAS ET REV U E DE LA
LITTERA TU RE
L. CONRAD PELLETIER, M.D., JEAN LETEN D RE, M.D. et PAUL CARTIER, M .D.,“
Montreal, Que.
L es traumatismes vasculaires au cours de 
la chirurgie du disque lombaire sont main- 
tenant une complication bien connue. Ces 
accidents sont de deux ordres: laceration 
vasculaire avec hemorragie d’une part, 
fistule arterio-veineuse d’autre part, cette 
derniere etant plus rare.1 C est en 1945 que 
le premier cas de fistule arterio-veineuse 
consecutive a une discoidectomie fut rap- 
porte par Linton et White.2 En 1963 
Spittell et al.3 relevaient 22 cas dans la lit- 
terature et y ajoutaient trois cas person­
nels. De 1963 a janvier 1968, nous avons 
retrouve 11 autres cas publies.410
La gravite des repercussions hemodyna- 
miques de telles fistules arterio-veineuses 
rend le diagnostic precis et le traitement 
chirurgical precoce imperieux. Pour ame- 
liorer la prevention et la cure de cette con­
dition, le chirurgien doit toujours avoir 
present a Fesprit le danger constant de 
cette complication au cours de la cure 
chirurgicale de la hernie discale lombaire, 
fait deja souligne par Holscher en 1948.11
Nous avons eu Foccasion d’investiguer 
et de traiter une malade souffrant dune 
fistule arterio-veineuse survenue a la suite 
d’une discoidectomie lombaire. Nous pre- 
sentons ce cas pour son interet clinique et 
physio-pathologique et pour rappeler Fim- 
portance de ce probleme peu frequent.
O bservatio n
Mme G.T., 34 ans, est admise a l’Hotel- 
Dieu de Montreal pour une insuifisance 
cardiaque rebelle. Deux mois auparavant, elle 
avait subi, dans un autre hopital, une dis- 
coidectomie du quatrieme disque lombaire et 
une greffe osseuse lombo-sacree. Aucune evi­
dence de complication vasculaire non plus 
que d hemorragie anormale ne fut notee en 
cours d’intervention. Des le lendemain, la 
malade accusait des palpitations et au dixieme 
jour post operatoire apparaissaient des signes 
francs d’insuffisance cardiaque ainsi que d’une
“Departement de chirurgie, Hopital Hotel-Dieu 
de Montreal, Montreal, Que.
thrombo-phlebite ilio-femorale gauche. On 
proceda alors a une thrombectomie veineuse et 
l’etat du membre s’ameliora dans les jours 
suivants. Malgre la digitale et les diuretiques 
depuis ce temps, la condition cardiaque de- 
meure inchangee et la malade presente tou­
jours des palpitations, de la dyspnee au 
moindre effort et une toux seche.
La patiente est legerement dyspneique. Son 
rythme cardiaque est regulier et rapide, a 
120/min. Le deuxieme bruit pulmonaire est 
fortement augmente et on entend au foyer 
pulmonaire un souffle systolique grade III/IV  
accompagne d’un souffle diastolique discret au 
foyer mitral (fig. 1). Tous les pouls periphe- 
riques sont presents, hyperpulsatiles aux 
membres superieurs. Au bras droit, la pression 
arterielle est de 130/60 mm Hg et de 100/50 
mm Hg a la cuisse droite. II n’y a pas de rales 
pulmonaires. Les veines jugulaires sont 
moderement distendues et on decele facile- 
ment une onde “v”. II existe une hepato- 
megalie de 10 cm, douloureuse, et on pergoit 
une pointe de rate. Le membre inferieur 
gauche est legerement cyanose, la circulation 
veineuse superficielle plus marquee jusqu’a la 
Crete iliaque et il y a surtout un cedeme im­
portant, prenant le godet, jusqu’a la racine du 
membre. On pergoit un fremissement a la 
fosse iliaque droite, sur le trajet de l’artere 
iliaque, et jusqu’a la femorale commune droite 
dont la pulsation est normale. Il y un imposant 
souffle systolo-diastolique, en jet de vapeur, 
maximum en avant a la fosse iliaque droite et 
en arriere sur le rachis lombo-sacre. Il irradie 
surtout vers la femorale droite, mais la trans­
mission osseuse est telle qu’il est possible de 
le percevoir distinctement a l’occiput et au 
talon (fig. 1 ).
Sur le cliche pulmonaire simple, on voit une 
importante congestion vasculaire passive et 
une cardiomegalie (fig. 2 ) .  L ’electrocardio- 
gramme montre une hypertrophie ventriculaire 
gauche avec signes de surcharge et une disten­
sion auriculaire gauche.
Le diagnostic clinique d’une grosse fistule 
arterio-veineuse situee entre les gros troncs 
vasculaires abdominaux fut confirme par une 
aortographie abdominale par voie retrograde, 
qui a permis d’en preciser la localisation entre 
Fartere iliaque primitive droite et la veine 
iliaque primitive gauche. Il y avait de plus
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une image de faux anevrysme a l'emplacement 
de la fistule et une dilatation variqueuse des 
veines du ligament large gauche (fig. 3 ).
Les consequences hemodynamiques de cette 
fistule furent aussi etudiees (tableaux I et II). 
Nous avons mis en evidence une hypervolemie 
de 14%, secondaire a l’augmentation du 
volume plasmatique, et un shunt arterio- 
veineux important, de 10.2 1/min., par la 
fistule. On remarquait de plus, au cathete- 
risme, l’augmentation de la pression arterielle 
differentielle a Fartere sous-claviere (60 mm 
H g), une augmentation des pressions dans les 
deux oreillettes et une legere hypertension 
pulmonaire de type hyperkinetique, la resis­
tance vasculaire pulmonaire etant normale.
Malgre un traitement medical soutenu, il fut 
impossible d’ameliorer l’etat clinique de la 
malade avant l’intervention. A l’operation, le 
25 janvier 1968, nous avons isole une fistule 
de 1.4 cm de diametre entre Fartere iliaque 
primitive droite et la veine iliaque primitive 
gauche, juste a son abouchement dans la veine 
cave inferieure. Nous n’avons pas retrouve de 
faux anevrysme, mais la veine iliaque primi­
tive gauche etait tres dilatee immediatement 
sous le site de la fistule dont la paroi etait 
relativement epaisse et fibreuse. Nous avons 
note Fabsence d’hematome et de reaction in- 
flammatoire dans la region. La pression arte­
rielle, enregistree dans l’aorte, etait de 110/ 
50 mm Hg. Apres clampage de la fistule, la 
pression passait immediatement a 140/90 
mm Hg et le pouls baissait de 85/min., avant 
clampage a 75/min. apres clampage. L’artere 
iliaque primitive droite, la veine cave in­
ferieure et les deux veines iliaques furent en- 
cerclees et clampees et la fistule sectionnee. 
Nous avons procede a la reparation vasculaire 
par une suture transversale avec un surjet au 
Tevdek 4-0 sur Fartere et sur la veine. Nous 
avons retrouve quelques petits caillots parie- 
taux dans la region dilatee de la veine iliaque, 
que nous avons liberee completement. Une 
fois la reparation completee, il n’y avait 
aucune stenose residuelle.
L ’evolution post-operatoire fut frappante. 
Tous les signes de defaillance cardiaque dis- 
parurent rapidement, sans medication, ainsi 
que les signes de stase veineuse au membre 
inferieur gauche. Au septieme jour, le membre 
inferieur etait normal, la malade avait perdu 
20 livres, l’electrocardiogramme et la radio- 
graphie pulmonaire etaient devenus normaux
Fig. 1.—(A) Phonocardiogramme enregistre a la 
region para-ombilicale droite et sur la femorale 
droite, montrant un souffle continu avec ren- 
forcement systolique, irradiant a la femorale
droite. (B) Phonocardiogramme enregistre au 
troisieme espace intercostal gauche, montrant un 
souffle d’ejection systolique et un petit souffle 
telediastolique.
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Fig. 2.—(A) Radiographie pulmonaire pre-operatoire montre congestion vasculaire passive et augmentation du volume cardiaque. (B) Une semaine apres l’intervention—radiographie normale.
Fig. 3.—Aortographie abdominale retrograde. Immediatement apres l’opacification de l’aorte et des arteres iliaques, on voit apparaitre le colorant dans les veines iliaques et la veine cave inferieure, tres elargies. A la jonction de l’artere iliaque primitive droite et de la veine iliaque gauche, on voit une image de faux anevrysme. Reste de produit opaque de myelographie a la region lom­baire basse.
(fig. 2), de meme que le volume sanguin (tableau I) etait aussi devenu a peu pres normal.
D iscussion
Bases anatomiques des traumatismesvasculaires
La possibilite de traumatismes vascu­laires au cours de la discoidectomie lom- 
baire se coneoi t facilement si on examine 
les rapports etroits qui existent entre les 
disques intervertebraux L3, L4 et L5 et 
les structures vasculaires retro-peritoneales. L’aorte, la veine cave inferieure et leurs 
bifurcations sont appliquees directement 
sur la colonne lombaire dont elles ne sont 
separees que par le ligament vertebral 
commun anterieur. L’aorte se divise 
habituellement a la hauteur du bord in- 
ferieur de la quatrieme vertebre lombaire.
TABLEAU I.—Volum es sa n g u in s  a v a n t  e t  
Ar a b s  l ’o p£ r a tio n  (t e c h n iq u e  au  C h r o m e  51)
Pre-op.
Septikmejourpost-op. Normales
Hematocrite 38.5% 42% —
Volume sanguin total (1) 4080 3700 3575
Volumeplasmatique (1) 2590 2257 2145
Volume6rythrocytaire (1) 1490 1443 1430
442 THE CANADIAN JOURNAL OF SURGERY Vol. 13
TABLEAU II .—D o n n i e s  h e m o d y n a m i q u e s  p r e - o p e r a t o i r e s ,
O R TE N U ES PA R C A T H E T E R ISM E  C A RD IA QU E D R O IT E T  GAUCHE
Consummation 0 « ......................................................................  275.5 cc/min.Difference artcrio-veineuse (),................................................. 1.8 vol.%D6bit pulmonaire (F ick)..........................................................  15.4 1/min.D6bit systemique (F ick)..........................................................  5.2 1/min.Debit du shunt gauche-droit..................................................  10.2 1/min.Index cardiaque.......................................................................... 9.9 l /M 2/m in.Resistances pulmonaires: to ta le .............................................  187.0 dyn es/sec ./cn r'arteriolaire.................................... 72.7 dynes/sec./cnr'1
Resistance systemique to ta le ..................................................  490.0 dynes/sec./cnr5
Pressions (mm Hg) Saturations
Systolique Diastolique Moyenne (%)
Veine cave inferieure — — — 87
Veine cave superieure 18 8 T i 55
Oreillette droite 18 12 16 79
Capillaire pulmonaire 38 12 22 —
Artfere pulmonaire 44 20 36 79
Artere sous-claviere 128 68 96 92
En regard du quatrieme espace interverte­
bral, on retrouve done les arteres iliaques 
primitives, la droite se trouvant a croiser 
anterieurement cet espace juste avant de passer en avant de la partie terminale de 
la veine iliaque primitive gauche et de l’origine de la veine cave inferieure, la- 
quelle repond au meme espace, a droite de 
la ligne mediane. Au cinquieme espace, ce 
sont les arteres et les veines iliaques primi­
tives qui sont en rapport avec la face 
antero-laterale du disque. A cause de la concavite de la colonne, c’est au quatrieme 
espace que les structures vasculaires sont 
les plus accolees aux structures osteo- 
articulaires, ce qui explique que ces fistules 
traumatiques sont formees le plus souvent 
aux depens de l’artere iliaque primitive droite. Sur 36 cas, nous avons retrouve 22 
patients dont la fistule originait de cette 
artere (fig. 4). Au cours dune etude 
angiographique per-operatoire, Nilsonne et 
Hakelius12 ont montre la proximite du re- 
secteur inter-vertebral et du ligament an­
terieur, done des gros vaisseaux, pendant la resection de la partie anterieure du 
disque. D’autres facteurs anatomiques peu- vent aussi exister qui favorisent un trauma- tisme vasculaire: la position en decubitus ventral comprimant les vaisseaux sur la colonne, une dehiscence dans l’anneau fibreux anterieur du disque,13 un affaiblis- sement du ligament vertebral anterieur1 pouvant laisser penetrer facilement l’instru-
ment jusqu’aux vaisseaux. Le meme type 
de traumatisme peut determiner soit une 
contusion vasculaire, soit une fistule 
arterio-veineuse, selon que la lesion touche 
un seul vaisseau ou simultanement une 
artere et une veine adjacentes.Le peu de cas rapportes ne represente probablement pas Fincidence reelle de
V C  I Ao
A - V  I P : I 
(cote non indique)
Fig. 4.—Schema illustrant la localisation des 
fistules arterio-veineuses survenues a la suite de discoldectomies chez 37 malades. Les chiffres in- diquent la nom bre de cas. Dans un cas de fistule entre l’artere et la veine iliaques primitives, le 
cote n’est pas mentionne.
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cette complication. Des 1959, DeSaus- sure,14 par une enquete personnelle aupres 
de 3000 chirurgiens, retrayait 106 cas de traumatismes vasculaires au cours de dis- coi'dectomies, dont 11 fistules. Ces compli­
cations pourraient done etre plus fre- quentes que le laisse croire la litterature. 
Dans une revue des fistules arterio- veineuses originant de l’aorte, DeBakey15 
note que leur etiologie la plus frequente 
(50%) est precisement le traumatisme au 
cours de la discoidectomie. I] est difficile 
de preciser les moyens de prevention de tels accidents, si ce n’est une technique 
chirurgicale delicate, particulierement avecI utilisation du rongeur, instrument qui en est le plus souvent la cause.14
Criteres du diagnostic clinique
Tres souvent, le traumatisme vasculaire 
nest pas reconnu au cours de l’operation.1II est en effet remarquable qu’environ 60% 
des cas ne presente aucune hemorragie 
anormale dans la plaie operatoire.1- 14 Ce signe est done un mauvais critere diag­
nostic, pouvant expliquer que, la plupart du temps, la complication ne soit pas reconnue immediatement.
Dans le cas d une plaie vasculaire simple, une chute subite de la pression 
arterielle ou un etat de choc inexplique, 
soit pendant I intervention, soit au moment ou le malade est retourne en position dor- 
sale ou dans le post-operatoire immediat, 
doivent toujours faire penser a cette even­tuality.3' 34
Lorsqu il s agit d’une fistule arterio- 
veineuse, les consequences immediates sont moins evidentes. Ici, l’apparition de signes 
cliniques d’insuffisance cardiaque, le plus souvent tot apres l’operation, et de stase 
veineuse au membre inferieur sont tres 
souvent a la base du diagnostic. Un 
examen abdominal plus pousse revelera un 
souffle continu et meme un fremissement, 
temoins de la presence d’une fistule a gros debit.
Physio-pathologie de la fistule 
arterio-veineuse
Holman s’est particulierement interesse a l’etude des fistules arterio-veineuses et il a precise bon nombre de leurs conse­
quences hemodynamiques.1818 Chez notre malade, nous avons pu mettre en evidence 
toutes les modifications circulatoires causees par une grosse fistule: hypervole- mie, augmentation du debit cardiaque, 
diminution de la difference arterio-veineuse en oxygene, hypertension pulmonaire de 
type hyperkinetique ( tableaux I et I I ).
Les consequences ultimes d’une fistule arterio-veineuse sont le resultat de deux 
facteurs: la resistance offerte par la fistule 
au debit sanguin et le regime des pres- 
sions de part et d’autre de la fistule. Dans 
le cas des fistules traumatiques lors de dis- 
coidectomies, la grandeur du trajet fistu- 
leux sera le principal facteur determinant 
des manifestations circulatoires. Le calibre 
imposant habituel de ces fistules s’explique par le type de traumatisme en cause et 
aussi par leur localisation sur l’arbre vascu­laire. Holman18-18 a demontre que le 
calibre d’une fistule est fonction de la gros- 
seur des vaisseaux entre lesquels elle se 
trouve et que, par ailleurs, le diametre de 
l’ensemble du circuit (artere-fistule-veine) a tendance a augmenter proportionnelle- ment au debit sanguin du shunt. L’obser- vation que nous avons faite chez notre 
malade confirme ce fait. En effet, la fistule 
avait a peu pres le meme diametre que l’artere iliaque, soit 1.4 cm. II n’est done 
pas surprenant que le debit de ces fistules 
soit suffisant pour entrainer la defaillance cardiaque.
Ces modifications hemodynamiques se traduisent cliniquement d’abord par un 
souffle continu, une augmentation de la 
pression arterielle differentielle et une 
tachycardie. L’auscultation cardiaque peut reveler la presence d un souffle systolique 
dejection et d’un souffle diastolique mitral, 
dus a la forte augmentation du debit car­
diaque. En comprimant la fistule, lors de 
l’examen physique ou de 1’intervention, on 
peut mettre en evidence le “signe de 
Branham”: ralentissement du pouls, aug­mentation de la pression arterielle et dimi­nution de la pression differentielle, comme 
nous avons pu tres bien le demontrer pen­dant l’operation.
Les signes de surcharge cardiaque de­pendent, outre de l’importance du shunt, de la duree de la fistule. Ceux-ci se mani- 
festent progressivement jusqu’a l’apparition
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dune defaillance cardiaque globale par 
debit excessif, defaillance typiquement 
rebelle au traitement medical, mais qui 
disparait des la fermeture du shunt. Au 
moment du diagnostic de la fistule, 24 des 
33 malades retrouves dans la litterature, 
dont Fetat cardiaque est indique, etaient 
en insuffisance cardiaque et trois autres 
montraient des signes evidents de sur­
charge. L ’apparition en est habituellement 
precoce apres l’accident a cause de l’im- 
portance de la communication anormale, 
ce qui fut le cas de notre patiente. Malgre 
tout, il peut parfois se produire un delai 
important, meme de quelques annees, 
entre le traumatisme et le diagnostic de 
fistule, comme l’illustrent quelques cas rap- 
portes.7’ 19’ 20
Enfin, les consequences locales sont 
celles dune stase veineuse marquee affec- 
tant le membre inferieur du c6te de la 
veine iliaque atteinte ou des deux 
membres inferieurs. Le debit sanguin sous 
pression apporte par la fistule dans le sys- 
teme veineux peut creer dans celui-ci un 
courant circulatoire inverse allant vers la 
Peripherie.16 Ceci amene une hypertension 
veineuse localement et un ralentissement 
du retour veineux du membre qui peut 
alors offrir l’aspect dune thrombo-phlebite 
ilio-femorale. Ces signes cliniques sont 
presque constants dans les cas rapportes 
et souvent le premier diagnostic fut celui 
de thrombo-phlebite. II n est d’ailleurs pas 
impossible que celle-ci se produise, 
puisque plusieurs facteurs favorisants se 
rencontrent simultanement chez ces ma­
lades: traumatisme vasculaire, etat post- 
operatoire, ralentissement de la circulation 
de retour et insuffisance cardiaque. Notre 
patiente en est un exemple et, chez elle, 
le diagnostic de thrombo-phlebite fut 
prouve par une thrombectomie ilio- 
femorale faite 10 jours apres la discoidec- 
tomie. Nous avons de plus retrouve quel­
ques caillots parietaux dans la veine iliaque 
primitive gauche lors de la fermeture de 
la fistule. Tous ces facteurs ont done con- 
couru a la formation de sa thrombo-phle­
bite.
Conduite therapeutique
Puisque les signes de traumatisme vascu­
laire ne se manifestent que rarement au
cours de Foperation, e’est done par une 
surveillance etroite et une attention par- 
ticuliere portee a cette complication que 
le diagnostic pourra etre porte rapidement 
et les mesures therapeutiques entreprises 
sans delai. La plaie vasculaire simple 
majeure est une menace immediate a la 
vie du patient. DeSaussure14 rapporte une 
mortalite de 100% dans les cas ou la lesion 
fut ignoree et aucune mesure chirurgicale 
entreprise, ce qui demontre bien Furgence 
chirurgicale de cet accident. Devant la 
possibility dune contusion vasculaire, seule 
une laparatomie exploratrice et la repara­
tion de la plaie pourra permettre d’ame- 
liorer les chances de survie du malade.
La fistule arterio-veineuse traumatique, 
pour sa part, presente un danger vital 
moins imminent. En face dune defaillance 
cardiaque inexpliquee ou de signes de 
stase veineuse au membre inferieur, on 
doit proceder a la recherche dune fistule, 
dont la presence sera confirmee par un 
souffle abdominal continu. Chez ces ma­
lades, il faut envisager une chirurgie cor- 
rectrice elective. Le but du traitement est 
double: restauration de l’anatomie vascu­
laire normale et correction des perturba­
tions circulatoires secondaires. Les tech­
niques chirurgicales actuelles permettent, 
presque toujours, une correction complete 
des vaisseaux, plutot que la quadruple 
ligature utilisee surtout lors des premiers 
cas rapportees et susceptible de provoquer 
une insuffisance arterielle grave pouvant 
compromettre la survie du membre. On 
peut soit dissequer la fistule exterieure- 
ment, soit proceder par voie endo-arte- 
rielle. Quelle que soit la technique utilisee, 
la chirurgie doit viser au retablissement 
integral de la circulation arterielle et 
veineuse, meme par l’emploi dun greffon 
vasculaire au besoin. Les resultats de la 
chirurgie correctrice sont excellents et on 
voit disparaitre rapidement les signes d’in- 
suffisance cardiaque et de stase veineuse 
apres Foperation. Pour les 36 cas operes, 
la mortalite operatoire est de 5.5% (deux 
deces). Il faut enfin souligner le danger 
particulier d’embolie pulmonaire post- 
operatoire dont nous avons releve deux cas 
dans cette serie.4-19
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R e su m e
Nous avons presente un cas de fistule 
arterio-veineuse traumatique entre l’artere 
iliaque primitive droite et la veine iliaque 
primitive gauche, survenue a la suite dune 
discoidectomie lombaire. Cette malade, 
qui presentait toutes les caracteristiques 
cliniques et hemodynamiques d une fistule 
a gros debit, fut operee et nous avons 
precede a la section dune fistule de 1.4 
cm de diametre et a la reparation vascu- 
laire complete.
Nous revisons la litterature a ce sujet et 
nous discutons brievement les criteres 
anatomiques, cliniques et physio-patholo- 
giques des traumatismes vasculaires au 
cours de la discoidectomie lombaire, ainsi 
que la conduite therapeutique a adopter 
en face de ces complications.
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Su m m a r y
After lumbar discoidectomy, a traumatic arterio­
venous fistula developed between the right com­
mon iliac artery and the left common iliac vein. 
This patient presented with all the clinical and 
hemodynamic characteristics of a fistula with a 
large shunt. The authors resected a large fistula, 
1.4 cm. in diameter, and did a complete vascular 
repair.
ftp to 1968, 36 other cases of traumatic arterio­
venous fistula complicating lumbar-disc surgery 
were described in the literature. Because of the 
relationship between the retroperitoneal vascular 
structures and the fourth lumbar intervertebral 
space, the right common iliac artery is most often 
involved. In most cases, the lesion is not recog­
nized during operation because there are few, if 
any, signs of vascular injury. A fistula should be 
suspected when the patient develops unexplained 
signs of progressive high-output cardiac failure 
and venous stasis in the legs. An abdominal con­
tinuous murmur confirms the diagnosis. The 
authors discuss briefly the physiopathology of the 
hemodynamic consequences of these large fistulas.
Operative treatment should correct the vascular 
lesion and the secondary circulatory disturbances. 
The results of reconstructive surgery are excellent 
and all symptoms disappear rapidly after opera­
tion. In 36 patients, the operative mortality was 
5.5%. In contrast with fistulas, simple major vas­
cular lacerations require emergency surgical treat­
ment because hemorrhagic shock is a danger to 
life. A 100% mortality has been reported in un­
recognized and untreated cases.
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B O O K  R E V I E W S
ACRYLIC CEMENT IN ORTHOPAEDIC SUR­
GERY. John Charnley. 131 pp. lllust. E. & S.
Livingstone Ltd., Edinburgh; The Macmdlan
Company of Canada Limited, Toronto, 1970.
$9.75.
This monograph describes the author s expeii- 
ences with self-curing acrylic cement in 3700 
hip operations, and describes the clinical and 
radiologic experiences in some detail. The 
histologic findings related to the reaction of 
the surrounding bone to the acrylic cement 
are based on 23 human specimens. Initially, 
weight transmission takes place through a 
thin layer of dead bone. Bone death is prob­
ably caused by the heat produced during the 
curing process. At later stages, a layer of fibio- 
cartilage is produced between cement and 
underlying bone, and weight is then trans­
mitted through this newly formed fibro-carti- 
lage. This book will interest orthopedic sur­
geons because it describes one surgeons ex­
perience with a method he developed himself. 
The text includes detailed descriptions of the 
actual use of the cement. Others may find this 
book of interest because it reviews the theory 
of mechanical fastenings in bone surgery, tis­
sue reactions in implanted plastics, systemic 
effects and sensitivity to acrylic cements, with 
reference to animal experimentation and to 
mechanical tests. The book is well piesented, 
the text is easy to read and the illustrations 
are excellent.
AKUTE CHIRURGISCHE ERKRANKUNGEN. 
Notfallfibel zur Diagnose und Therapie. Rich­
ard X. Zittel and Walter E. Zimmerman. 201 
pp. lllust. Georg Thieme Verlag, Stuttgart, 
Germany, 1970. DM 29,80. $8.50 (approx.). 
Paperbound.
In a concise form the authors describe the 
pathogenesis, diagnosis and treatment of surgi­
cal emergencies, with special emphasis on 
preoperative and postoperative care. The 
emergencies covered are perforations of hol­
low organs, acute respiratory insufficiency, 
cardiac arrest, acute abdominal diseases in­
cluding gastrointestinal hemorrhage, acute 
arterial insufficiency and shock.
The last chapter on shock probably is the 
best part of the book. The various topics are 
well explained, although some of the descrip­
tions are somewhat dogmatic. Unfortunately, 
the perusal of the text is made difficult by a 
number of printing errors. For instance, the 
oxygen saturation of arterial blood is reported 
in volumes per cent instead of per cent. In 
the discussion of esophageal atresias, the type 
presenting with anastomosis of the proximal 
esophagus is said to be present in 95% of all 
patients with esophageal atresia. Perhaps a 
second edition in the near future will elimi­
nate these errors. Nevertheless, this book de­
serves to be widely read.
INJURIES OF THE KNEE JOINT. 4th ed. I. S. 
Smillie. 393 pp. lllust. E. & S. Livingstone 
Ltd., Edinburgh; The Macmillan Company of 
Canada Limited, Toronto, 1970. $25.75.
The first 100 pages of this well-produced 
volume are devoted to injuries of the menisci 
of the knee joint—a subject on which Mr. 
Smillie’s experience is unsurpassed. This por­
tion is extremely well presented. In this new 
edition, he describes not only the diagnosis 
and pathology of meniscal injuries, but goes 
into great detail concerning the preoperative, 
operative and postoperative management of 
meniscectomies. He neglects to mention arth­
roscopy and its role in the diagnosis of these 
problems, and has mentioned only briefly 
contrast arthrography in these regions. The 
reproduction of the arthrograms is of the high 
standard that one expects from E. & S. Liv­
ingstone. The section on ligament injuries is 
adequate and the section on osteochondritis 
dissecans is superb. Very little which is new 
has been added on the management of frac­
tures of the tibia and femur involving the 
knee joint, but their inclusion makes the vol­
ume complete. Mr. Smillie has ended the 
book with an interesting section on the man­
agement of the stiff knee-a problem that 
plagues anyone dealing with this joint.
This book improves on what was already a 
fine monograph on injuries of the knee joint 
and should be in the library of every person 
dealing with these conditions.
NOUVEAU TRAITE DE TECHNIQUE CIII- 
RURGICALE. Tome II. Rachis-voute du crane 
traumatismes craniens. Andre Sicard and Louis 
Mansuy. 362 pp. lllust. Masson et Cie, Paris, 
1970. 118 F. $22.90 (approx.).
NOUVEAU TRAITE DE TECHNIQUE CHI- 
RURGICALE. Tome V. Arteres—veines lym- 
phatiques. J. M. Cormier, J. Sautot, Cl. Frileux 
and G. Arnulf. 628 pp. lllust. Masson et Cie, 
Paris, 1970. 175 F. $34.00 (approx.).
This new series on surgical technique will 
cover the whole field in 15 volumes. Volume 
II, which deals with the spinal column, skull 
and skull fractures, starts with a brief outline 
of the specific neurosurgical techniques. The 
current operative procedures involving the 
spine and the skull are described in detail. 
The illustrations are excellent, therefore the 
reader can follow the surgical procedures 
even with a minimal knowledge of the French 
language. Volume V covers the surgery of 
arteries, veins and lymphatics. Again, the pro­
cedures are well illustrated and easy to follow. 
A large amount of detail is presented, includ­
ing special instrumentation for vascular pro­
cedures. The section on vascular prostheses is 
perhaps too elaborate and describes proce-
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dures that are no longer uniformly accepted. 
In view of the amount of detail presented in 
relation to surgical procedures, it is surprising 
that little attention has been paid to post­
operative care. The two books are nicely 
printed and illustrated.
ORTHOPEDIC ROENTGEN ATLAS. P.-F. Mat- 
zen and H. K. Fleissner. Translated into 
English by L. S. Michaelis. 477 pp. Illust. 
Grune & Stratton, Inc., New York; Longmans 
Canada Limited, Toronto, 1970. $51.75.
This atlas can he used with great advantage 
by students of radiology, orthopedics, and 
others interested in diseases of the musculo­
skeletal system. The book is presented in an 
orderly manner and is beautifully illustrated, 
with radiographs showing development of the 
normal skeleton and variations of skeletal de­
velopment that are anatomically and physio­
logically normal but are frequently considered 
pathologic by the unwary, or by those not 
expert in radiology. Short notes describe the 
clinical features related to the conditions 
illustrated by the radiographs. These are clear, 
descriptive and accurate dealing only with 
essential facts. Perhaps the only weakness in 
the book is the absence of references, a minor 
criticism in view of the exceptionally detailed 
changes illustrated by the radiographs.
The material in the atlas has been taken 
from the 40-year collection of the Orthopedic 
Department of Leipzig University and the 
quality of the radiographs is particularly good. 
This reviewer is unaware of any publication 
of similar value since Alban Kohler’s “The 
Borderlands of the Normal and Early Patho­
logical in the Skiagram”—the English edition 
published in 1928 by Bailliere, Tindall and 
Cox.
This atlas when used by interns, residents 
and other physicians in emergency depart­
ments of hospitals would probably prevent 
many errors in diagnosis which lead to un­
necessary treatment of normal conditions, e.g. 
the application of a plaster cast for a con­
genital anomaly, erroneously diagnosed as a 
fracture. This atlas should be of great use in 
the libraries of practising orthopedic surgeons 
and should, in addition, be of inestimable 
value in the libraries of smaller hospitals that 
do not have radiologists available at all times.
The price of $51.75 is justified by the large 
number of illustrations and the atlas is well 
worth this price.
STOMACH SURGERY. Jacob A. Glassman. 379 
pp Illust. Charles C Thomas. Publisher, Spring- 
The Ryerson Press, Toronto, 1970.•p I o .5 0 .
In a clear style, Dr. Glassman covers the 
entity of gastric surgery. His unfolding of the 
historical development of the diagnosis and 
therapy of peptic ulcer and carcinoma makes
this monograph interesting and informative. 
References are extensive.
The facets of basic physiology are inter­
woven with the ulcer diathesis and, in a logi­
cal and experienced manner, he puts forth the 
pros and cons of the various forms of manage­
ment which have remained controversial 
through the years. In turn he gives his reasons 
for selecting therapy in each instance and 
emphasizes always the adaptation of medical 
or surgical therapy to the patient’s individual 
needs.
He covers the procedures used in establish­
ing the physiologic status of the patient, i.e. 
gastric analysis, gastric cytology, endoscopy, 
fluorescence test, radiographic evaluation, and 
discusses the management of duodenal ulcer 
and its complications, upper gastrointestinal 
hemorrhage, gastric ulcer and carcinoma and 
its complications. Most of the various surgical 
techniques are outlined and many are illus­
trated together with a discussion of other 
views of appropriate usage. The quality of 
i e ?V i or s sur£Pcal reasoning and judgment 
should be valuable to students, residents and 
practising surgeons alike. Controversial prob­
lems are handled in a manner that makes this 
monograph particularly valuable to surgical 
residents. In this monograph, the author 
brings together various viewpoints and sorts 
out approaches to most situations in gastric 
surgery, and gives an overall picture of the 
problems involved: W hat to do, when to do 
it, and why.
PRACTICAL SURGICAL MANAGEMENT A 
c - Mfcgregor. 140 pp. E. & S. Livingstone 
Ltd., Edinburgh; The Macmillan Company of 
Canada Limited, Toronto, 1970. $3.50. Paper- 
bound.
This surgical manual is designed for the house 
surgeon during his transition from medical 
student to senior resident. It is concise 
thorough, and well written, and should prove 
most useful to house surgeons in general 
surgery.
A TEXTBOOK OF PATHOLOGY. Structure and 
T unction in Disease. 8th ed. William Boyd 
1404 p p . Illust. Lea & Febiger, Philadelphia; 
the Macmillan Company of Canada Limited 
Toronto, 1970. $22.00.
This is the eighth edition of Professor Boyd’s 
classical textbook of pathology. Although 
much material of the previous edition has 
been retained, new chapters and many major 
changes have modernized this internationally 
acclaimed book. Many of the 908  illustrations 
are new and the greater use of bold face and 
italics enhances a text which, as always is 
most enjoyable to read. This book is to ’ be 
recommended strongly to the undergraduate 
student, who will learn, under expert profes­
sorial guidance, how a mass of morbid 
anatonncal facts, basic science knowledge and 
clinical findings can be integrated.
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Books R eceived
Books are acknowledged as received, but 
in some cases reviews will also be made 
in later issues.
Abdominal Trauma. Meyer O. Cantor 212 pp. 
Charles C Thomas Publisher, Springfield, 111.; 
The Ryerson Press, Toronto, 1970. $9.50.
Concepts in Head and Neck Surgery. John 
Conley. 292 pp. Illust. Georg Thieme Verlag, 
Stuttgart, Germany; Crane & Stratton, Inc. New 
York Longmans Canada Limited, Toronto, 1970. 
$56.35.
Corticosteroids in the Treatment of Shock.
Edited by William Schumer and Lloyd M. Nyhus. 
163 pp. Illust. University of Illinois Press, Urbana, 
1970. $10.00.
Diagnosis of Diseases of the Chest. An Inte­
grated Study Based on the Abnormal Roentgeno­
gram! Vols. I and II. Robert G. Fraser and J. A. 
Pare 1484 pp. Illust. W. B. Saunders Company, 
Philadelphia; W. B. Saunders Company Canada 
Limited, Toronto, 1970. $51.85.
Gastrektomie und Kardiaresektion beim Magen- 
karzinom. Pathologie -  Klinik -  Operationstechmk 
Folgeerseheinungen und Ergebmsse. Rudolf Har­
ing and Hermann Franke. 210 pp. Illust. Inter­
continental Medical Book Corp., New York; 
Georg Thieme Verlag, Stuttgart, Germany, 1970. 
DM 88,00. $24.80 (approx.).
Les Hepatectomies Majeures. Techniques et in­
dications. H. Viard and J.-C. Sgro. I l l  PP- Illust. 
Expansion Scientifique Frangaise, Pans, 19/0. 
.36 F. $6.70 (approx.). Paperbound.
The History of Cardiac Surgery 1896-1955.
Stephen L. Johnson. 201 p p .Illu st The Johns 
Hopkins Press, Baltimore, 1970. $9.50.
Inaktivitatsosteoporose. Klinische und experi- 
mentelle Studie zurn Knochenumbau durch Inak- 
tivitat. Joachim Eichler. Aktuelle Orthopadie Heft 
3 90 pp. Illust. Intercontinental Medical Book 
Corp. New York; Georg Thieme Verlag, Stutt­
gart, Germany, 1970. DM 36,00. $10.15 (approx.). 
Paperbound.
Instructional Course Lectures. Volume XIX 
American Academy of Orthopaedic Surgeons. 236 
pp. Illust. The C. V. Mosby Company, St. Louis, 
1970. $21.45.
Operative Treatment of Bone Tumors. 3rd
International Symposium January 24th-26th 196J 
in Basle, Switzerland. Edited by George Chap- 
chal 182 pp. Illust. Intercontinental Medical 
Book Corp., New York; Georg Thieme Ver kg, 
Stuttgart, Germany, 1970. $13.50. Paperbound.
Der Retromaxillare Raum. Eine Darstellung aus 
klinischer, rontgenologiseher und chinngischei 
Sicht Siegfried Zehm. Aktuelle Oto-Rhmo- 
Laryngologie Heft 3. 53 pp. Illust. Intercontinen­
tal Medical Book Corp., New York; Georg Thieme 
Verlag, Stuttgart, Germany, 1970. DM 28,00. 
$7.90 (approx.). Paperbound.
The Role of the Surgeon in Medical School 
Education. Transactions of the 11th Annual Meet-
(Continued on page 454)
Tandearir Geigy
For symptomatic 
treatment of
sprains 
strains 
contusions 
muscular lesions 
dislocations 
fractures
Dosage
Medical Indications 
Initial: 400-600 mg (4-6 tablets) 
daily, in divided doses, for 2-3 days. 
Maintenance: minimum effective 
dose, usually 100-300 mg (1-3 tab­
lets), but not over 400 mg (4 tablets) 
daily, in divided doses.
Surgical Indications 
400-600 mg (4-6 tablets) in divided 
doses during the 24 hours before 
operation. 300-400 mg (3-4 tablets) 
daily, in divided doses, for 3-4 days 
after operation, commencing as 
soon as oral medication can be 
resumed.
Side Effects
Serious reactions are uncommon. 
Occasionally, gastric disturbances 
(minimized by taking Tandearil with 
milk or at meal times), moderate 
sodium and water retention, or mild 
skin rashes.
Precautions
Routine blood counts before and 
periodically during therapy. Patient 
should report immediately any 
fever, sore throat, mouth lesions, 
tarry stools or sore glands. 
Contraindications 
History of drug allergy, peptic ulcer, 
diverticulitis, or blood dyscrasia. 
Severe cardiovascular, hepatic or 
renal disease, or hypertension. 
Clinical edema.
Availability
Tandearil, 1 - phenyl - 2-(p - hydroxy- 
phenyl)-3,5-dioxo-4-n-butylpyrazo- 
lidine-monohydrate, is supplied as 
100 mg light brown-coated tablets.
Full information is available 
on request.
Geigy Pharmaceuticals
Geigy (Canada) Limited 
Montreal 308, P.Q. 0
TANDEARIL
Hastens return to normal function 
Reduces pain and swelling
GEIGY
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ing of the Allen O. Whipple Surgical Society. 
Edited by Harold G. Barker. 155 pp. Charles C 
Thomas, Publisher, Springfield, 111.; The Ryerson 
Press, Toronto, 1970. $7.50.
Septic Complications of Neurosurgical Spinal 
Procedures. R. Lewis Wright. 107 pp. illust. 
Charles C Thomas, Publisher, Springfield, 111.; 
The Ryerson Press, Toronto, 1970. $9.50.
Surgery. Principles and Practice. 4th ed. Jona­
than E. Rhoads, J. Garrott Allen, Henry N. Har­
kins and Carl A. Moyer. 1864 pp. Illust. J. B. 
Lippincott Company, Philadelphia; J. B. Lippin- 
eott Company of Canada Ltd., Toronto, 1970. 
$25.00.
Surgical Anatomy of the Thorax. Stefan Kubik. 
Translated by S. E. Connelly. Translation re­
viewed and edited bv J. E. Healey. 241 pp. Illust. 
W. B. Saunders Company, Philadelphia; W. B. 
Saunders Company Canada Limited, Toronto, 
1970.
The Tetralogy of Fallot. From a Surgical View­
point. John W. Kirklin and Robert B. Karp. 189 
pp. Illust. W. B. Saunders Company, Philadelphia; 
W. B. Saunders Company Canada Limited, To­
ronto, 1970. $14.05.
Textbook of Disorders and Injuries of the 
Musculoskeletal System. An Introduction to Ortho­
paedics, Rheumatology, Metabolic Bone Disease, 
Rehabilitation and Fractures. Robert Bruce 
Salter. 551 pp. Illust. The Williams & Wilkins 
Company, Baltimore; Burns & MacEachem Lim­
ited, Toronto, 1970. $21.75.
UNIVERSITY OF TORONTO 
Faculty of Medicine 
DIVISION OF 
POSTGRADUATE MEDICAL 
EDUCATION
SURGERY 
FOR SPECIALISTS
February 1st, 2nd, and 3rd, 1971 
Fee -  $75.00
Directed to ge ne ra l surgeons, this course is under 
the supervision of Dr. Frank Mills. Please write: 
The Director, D ivision of Postgraduate Medical 
Education, Faculty of M edicine, M edical Sciences 
Build ing, University of Toronto, Toronto 5, 
O ntario .
NOTICES
POSTGRADUATE COURSE IN 
GASTROENTEROLOGY
The Cleveland Clinic Educational Foun­
dation will hold a postgraduate course on 
“Diagnostic Procedures in Gastroenter­
ology” on November 11 and 12, 1970, in 
the Bunts Auditorium of the Education 
Building. The course will be presented by 
staff members of the Foundation assisted 
by five guest speakers. The registration 
fee for the course is $60.00 and accep­
tances will be made in order of applica­
tion. Accommodation may be obtained at 
The Bolton Square Hotel, 8907 Carnegie 
Avenue, and The Clinic Inn, 8935 Car­
negie Avenue (adjacent to the Cleveland 
Clinic Education Building). For further in­
formation write to: Education Secretary, 
The Cleveland Clinic Educational Founda­
tion, 2020 East 93rd Street, Cleveland, 
Ohio 44106.
PULMONARY FUNCTION IN 
HEALTH AND DISEASE
The Seventh Annual Postgraduate 
Course, “Pulmonary Function in Health 
and Disease”, will be held at Tulane Uni­
versity School of Medicine, New Orleans, 
December 7-11, 1970.
The course will cover such subjects as 
lung volumes and spirometry, mechanics 
of breathing, distribution of ventilation 
and perfusion, pulmonary gas exchange, 
and ventilation-perfusion relationships and 
diffusing capacity. The course will be pre­
sented primarily by the guest faculty which 
will include: E. J. M. Campbell, Chairman, 
Department of Medicine, McMaster Uni­
versity, Hamilton, Ont.; H. W. Fritts, Pro­
fessor of Medicine, Columbia University, 
New York; D. V. Bates, Chairman, Depart­
ment of Physiology, McGill University, 
Montreal, Que.; G. W. Wright, Head, 
Medical Research Department, St. Luke’s 
Hospital, Cleveland, Ohio; and M. H. 
Klaus, Professor of Pediatrics, Western Re­
serve University, Cleveland, Ohio.
All correspondence concerning this 
course should be addressed to: Louisiana 
Thoracic Society, Suite 1504, 333 St. 
Charles Street, New Orleans, La. 70130.
